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PJtEFACE. 


The  object  of  this  work  is  to  furnish  the  American  student 
with  a  guide  to  the  geology  of  this  country.  To  accompHsh 
this  requires  a  statement  of  the  principles  of  Geology,  de- 
rived from  phenomena  which  the  student  will  observe  in 
his  field  exercises,  a  statement  of  the  arrangement  and  com- 
position of  the  rocks  composing  the  earth's  crust,  and  so 
much  relating  to  palaeontology  as  shall  embrace  the  charac- 
teristic  fossils  of  the  sediments.  I  have  therefore  pursued  a 
plan  which  accords  with  these  views. 

In  the  first  part  I  have  stated,  as  it  seems  to  me,  the 
most  important  principles  of  geology,  and  have  attempted  to 
apply  them  in  an  explanation  of  phenomena  which  belong 
to  the  primitive  crust,  composed  as  it  is  of  the  pyrocrystalline 
formations,  and  also  to  the  business  of  mining. 

In  the  second  part,  its  principles  are  virtually  applied  to 
the  formation  of  the  sediments,  and  their  succession ;  and  I 
have  proceeded  so  far  as  to  state  their  physical  characteristics, 
and  to  describe  and  locate  the  fossils  of  the  oldest  sediments 
known  to  geologists.  There  may  be  a  difference  of  opinion 
among  geologists,  as  to  what  extent  a  work  of  this  kind  should 
be  illustrated,  in  order  to  carry  out  its  plan.  On  this  question, 
it  has  appeared  to  the  author  very  desirable  that  all  classes 
of  animals  should  be  well  represented,  not  only  for  the  pur- 
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pose  of  serving  its  direct  objects,  hut  also  to  convey  informa- 
tion respecting  the  forms  under  which  life  has  been  clothed 
in  the  earliest  periods  of  the  earth's  history. 

It  is  proper  to  state,  in  this  connection,  that  as  it  respects 

^  its  pEdsBontological  illustrations,  the  work  is  more  fully  stocked 
than  was  intended  when  prepared  for  publication.  This 
occurred  in  consequence  of  the  expressed  wishes  of  friends  to 
use  the  wood  cuts  which  had  been  made  for  the  illustration  of 
the  palaeontology  of  New  York,  and  which  had  been  mostly 
abandoned,  notwithstanding  the  great  expense  which  had 
been  incurred  hi  their  preparation.  On  application,  tluuelorfs 
to  the  proper  persons,  for  the  use  of  these  cuts,  ihey  were 
readily  put  in  my  possession,  and  have,  accordingly,  been 
used  in  the  plates  accompanying  this  volume.  There  were, 
it  is  true,  some  objections  to  their  use ;  but  it  was  urged, 
that  though  it  would  not  directly  increase  the  stock  of 
geological  information,  still,  it  would  serve  to  disseminate 
or  diffuse  knowledge,  which  is  one  of  the  great  objects  of 
the  publication  of  books.  But  it  may  be  said  that  I  have 
exposed  myself  to  the  charge  of  plagiarism,  or  of  ser\ile 
imitation.  It  must,  however,  be  well  khown,  that  I  have 
labored  in  the  same  field,  that  I  have  aided  in  the  develop- 

s^  ment  of  the  palaeozoic  riches  of  the  Silurian  rocks,  and  espe- 
cially of  the  Lower  Silurian,  and  that  a  large  proportion  of 
those  given  in  this  book  were  brought  to  light  ()y  my  own 
labors,  or  by  my  friends,  in  the  district  assigned  me  in  the  Cioo- 
logical  Survey  of  New  York.  But  in  making  the  foregoing 
claim  as  one  founded  in  right,  it  is  still  proper  to  acknowledge 
the  use  of  several  |)lates,  made  up  by  the  state  pakeontologisl. 
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Mr.  Hall,  who,  I  am  cheerful  to  acknowledge,  has  acquired 
an  enviable  reputation  in  his  department. 

In  regard  to  the  Taconic  system,  I  do  not  know  that  I  am 
indebted  to  any  one  for  favors,  or  for  suggestions.  Indeed, 
nothing  very  flattering  has  ever  been  said,  or  published, 
respecting  the  views  1  have  maintained  upon  this  subject. 
But  I  have  the  pleasure  of  knowing  that  a  few  of  my  friends, 
and  those,  too,  who  have  the  best  opportunities  for  judging 
of  facts,  if  they  do  not  agree  with  me  in  every  particular, 
still  agree  vi^ith  me  in  the  main,  respecting  the  relation  of  the 
Taconic  system  to  the  Lower  Silurian.  It  is  not  for  me  to 
express  an  opinion  how  this  question  will  be  received  by 
geologists  now,  or  whether  1  have  stated  my  views  in  the 
form  best  calculated  to  establish  my  positions.  Geologists 
of  higher  abilities  than  myself  would  probably  ha\  e  succeeded 
better  in  placing  the  evidence  on  record;  still,  the  most 
i  mportant  facts  will  be  found  in  the  work ;  and,  ultimately,  they 
must  exert  an  influence  in  favor  of  the  doctrines  I  have  stated; 
for  I  have  full  faith  in  them,  and  believe  that  they  are  founded 
upon  established  principles,  and  can  not  be  set  aside. 

Having  been  familiar  with  the  persons  who  have  been 
employed  in  the  New  York  Geological  Survey,  and  well 
acquainted  with  its  history,  1  feel  that  some  acknowledg- 
ment is  due  to  one  who  retired  from  the  survey  at  a  com- 
paratively early  stage.  I  allude  to  T.  A.  Conrad,  the 
first  palaeontologist  of  the  state,  who,  I  believe,  laid  the 
foundation  for  a  correct  knowledge  of  its  palaeontology;  and 
who  brought  to  the  department  a  profound  knowledge  of 
the  lower  forms  of  organic  remains.    His  services,  though 
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unacknowledged,  still  deserve  to  be  remembered  and  held 
in  high  estimation,  and  this  reminiscence  is  only  a  partial 
acknowledgment  of  what  he  accomplished  while  connected 
with  the  survey. 

Probably  no  one  has  furnished  more  important  material 
for  illustrating  the  palaeontology  of  the  Silurian  system,  than 
John  Gebhard,  Esq..  who  devoted  many  years  almost  exclu- 
sively to  this  subject,  in  one  of  the  most  interesting  fields  in 
the  state ;  and  who  is  now  deservedly  placed  over  the  state 
coll(!Ction,  as  its  Curator.  It  is  probably  due  to  this  gentle- 
man's labors,  that  palaeontology  acquired  so  much  interest 
and  favor. 

In  the  arrangement  of  matter,  and  also  for  a  corrected  list 

of  fossils  belonging  to  the  Lower  Silurian,  I  am,  in  a  great 

measuj^  indebted  to  M.  d'Orbiny,  who  is  regarded  as  one 

of  the  ablest  palaeontologists  in  Europe.     It  may  happen, 

however,  that  when  this  distinguished  savant  has  depended 

solely  on  figures,  for  the  determination  of  fossils,  he  may 

have  been  led  into  mistakes.     Certainly,  this  is  the  fact  in 

^   one  instance,  viz:  that  of  his  reference  of  the  Discophyllum, 

described  in  the  first  volume  of  the  Palaeontology  of  New 

York,  which  is  by  no  means  a  stony  coral,  belonging  to  the 

^    Cyathophyllidae ;  it  is  rather  a  membranous  polypi,  which 

^    may  be  allied  to  the  Graptolites.      In  the  Brachiopoda,  I 

have  followed  Davidson,  who  has  given  a  most  admirable 

monograph  of  this  order,  in  the  Transactions  of  the  Palaeon- 

tographical  Society. 

It  will  be  observed  that  I  have  added  a  few  new  species 
to  the  list  of  fossils  of  the  Lower  Silurian  rocks,  in  addition 
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to  those  belonginsf  to  the  Taconic  system.  These  additions 
have  been  made  only  in  cases  which  required  them ;  or,  at 
least,  where  descriptions  and  figures  of  them  could  not  be 
found. 

While  executing  this  work,  I  did  not  expect  th^t  I  should 
be  able  to  secure  perfect  accuracy,  but  I  am  able  to  say, 
when  the  volume  is  finished,  that  I  have  put  in  requisi- 
tion all  the  means  within  my  reach,  to  secure  an  end  so 
desirable.  As  it  is,  1  submit  the  work  to  the  student  with 
the  hope  that  it  will  prove  a  useful  guide  in  the  study  of 

American  Geology. 

EBENEZER  EMMONS. 

AlUnj,  Sept  20th,  1855. 
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PRELIMINARY  REMARKS. 

§  1.  The  science  of  geology  is  of  recent  origin.  The  first 
attempts  which  were  made  towards  the  construction  of  a  sys- 
tem, date  no  farther  back  than  the  middle  of  the  last  century. 
In  its  progress  it  has  undergone  many  changes,  as  has  every 
other  science  dependent  upon  observation  and  experiment. 

The  object  of  geology  is  to  give  a  rational  explanation  of  the 
structure  of  the  earth.  To  accomplish  this,  it  examines  the 
phenomena  presented  at  the  surface  of  the  earth,  and  its  interior, 
where  it  is  accessible;  and  it  attempts  to  discover  the  causes 
of  those  phenomena,  and  to  find  the  true  reason  for  their  exist- 
ence, and  also  to  fix  the  dates  when  remarkable  changes 
occurred.  The  advantages  resulting  from  the  study  of  geology 
are  numerous.  It  gratifies  a  laudable  curiosity;  it  informs  us 
where  we  may  find  the  most  valuable  natural  productions,  as 
coal,  salt,  iron,  gold,  silver,  manganese,  copper,  lead,  marble, 
and  many  other  useful  substances;  it  enlarges  our  views  of  the 
field  of  nature;  it  enables  us,  by  our  knowledge  of  the  present, 
to  look  far  backward  into  the  past;  it  reveals  to  us  a  vast  dura- 
tion whose  limit  we  can  not  fix — a  succession  of  changes  in 
the  physical  condition  of  the  earth,  which  exhibit  a  progress 
towards  an  ulterior  end  which  seems  to  have  had  reference  to 
the  existence  and  well  being  of  man.  We  see  in  the  earth's 
changes,  and  its  brute  inhabitants,  a  progressive  movement 
along  an  upward  scale,  not  in  a  direct  track,  but  rather  in  the 
ultimate  results.  It  teaches  us  that  order  has  prevailed  in  the 
operations  of  the  natural  elements  through  the  lapse  of  agefr— 
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that  there  was  a  plan  in  the  divine  mind  which  has  been  work- 
ing with  a  special  reference  to  the  good  of  our  race;  and  lastly, 
that  the  plan  of  creation,  and  its  scheme  of  construction,  belongs 
to  but  one  system,  however  far  we  may  go  back  into  the  past. 
All  our  observations  respecting  the  past  and  present  lead  to  the 
conclusion  that  the  plan  of  creation  is  one — ^that  the  laws  and 
forces  which  are  now  in  operation  have  been  the  same  from 
the  beginning:  therefore,  the  true  method  for  an  interpretation 
of  the  past,  is  by  those  laws  and  forces  which  govern  the 
present. 

^  2.  Our  knowledge  of  the  earth  is  confined  to  the  earth's 
crust,  by  which  we  mean  to  include  all  that  part  which  is 
accessible  to  human  observation.     This  part  is  the  theatre  upon 
which  geological  events  have  been  acting  from  remotest  periods, 
and  still  it  is  safe  to  draw  inferences  respecting  phenomena 
belonging  to  the  deeper  seated  parts,  provided  they  are  in 
accordance  with  established  principles,  or  with  what  we  know. 
§  3.  The  earth's  crust  is  composed  of  rocks,  in  which  term 
geologists  include  not  only  consolidated  materials,  but  sands, 
clays,  soils,  and  fluids.     Strictly  speaking,  the  earth's  crust  is 
composed  of  rock  and  water.     We  might  perhaps  reckon  also 
the  free  gaseous  bodies  confined  in  caverns,  which,  under  favor- 
able circumstances,  escape  into  space,  as  atmospheric  air,  car- 
bonic acid,  nitrogen,  and  ammonia;  or  they  may  be  regarded 
as  things  contained  in  the  crust,  and  as  agencies  through  whose 
force  and  power  the  solid  crust  has  changed  its  phases  in  time 
and  its  position  in  space.     Heat  should  be  added  to  the  fore- 
going; it  operates  per  *e,  and  gives  activity  and  life  to  the 
liquids  and  gases  which  permeate  the  crust  and  fill  its  empty 
spaces. 

§  4.  The  monumental  records  of  the  past  are  of  two  kinds, 
the  physical  and  the  organic.  To  the  former  belong  the  impress 
of  the  movements  of  the  earth's  crust  upon  itself,  or  upon  the 
different  strata  which  were  deposited  in  different  periods;  to 
the  latter,  the  preservations  of  plants  and  animals.  Their 
remains  occur  in  groups,  and  represent  the  forms  of  the  differ- 
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ent  periods.  No  two  periods  are  represented  by  similttr  groups, 
and  their  dissimilarity  is  practically  important,  furnishing  the 
facts  by  which  the  periods  themselves  may  be  distinguished 
from  one  another.  It  is  also  an  interesting  feature  in  a  histori- 
cal sense,  proving  by  comparison  a  progression  in  development 
along  the  measures  of  an  ascending  scale.  The  periods  as  they 
approach  the  present  are  represented  by  plants  and  animals 
more  akin  to  the  living,  while  in  the  more  remote  their  resem- 
blances as  a  whole  are  less.  Notwithstanding  this,  the  four 
types  of  the  living  are  represented  in  the  successive  periods, 
with  the  exception  of  the  first 

§  5.  Prior  to  the  creation  of  plants  and  animals  there  was  a 
period  very  clearly  marked  by  the  reign  of  physical  forces;  it 
is  azoic,  and  the  rocks  of  this  period  have  no  parallel — ^they 
are  all  crystalline.  Heat  was  the  predominant  and  active 
element.  Stability  and  form  was  given  to  the  earth  in  this 
period,  principally  by  the  escape  of  heat  into  space;  and  con- 
densation of  aqueous  vapor  upon  a  cooling  crust,  gave  origin 
to  the  surface  waters  of  the  globe.  Seas  and  oceans  were 
formed  in  all  the  basins  and  great  depressions,  and  the  culmi- 
nating points  gave  origin  to  streams  which  flowed  oceanward; 
but  the  oceans,  ere  the  waters  had  filled  their  bosom,  began  to 
lose  their  contents  by  the  vaporization  of  this  new  element. 
When  it  had  saturated  the  atmosphere,  it  fell  again  to  the 
earth.  Thus  began  that  vast  machinery  by  which  the  earth  is 
supplied  with  rain  and  dews.  It  has  known  no  suspension. 
The  vapors  rise  upward,  and  the  streams  flow  onward  in  per- 
petual cadence.  At  this  stage  the  consolidated  crust  begins  to 
wear,  and  its  debris  also  begins  to  be  transported  and  borne 
onward,  and  its  progress  is  only  arrested  by  the  plains  and 
depressions,  where  it  accumulates,  giving  origin  to  another  class 
of  rocks  whose  parentage  is  indicated  by  rounded  particles  and 
masses.  The  activity  of  fire  diminishes — that  of  water  increases. 
The  two  forces  are  antagonistic  of  each  other.  One  levels  the 
surface,  the  other  breaks  it  up;  the  first  is  constant  in  its  action, 
the  latter  is  paroxysmal.    The  fire  slumbers  longer,  but  never 
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expires.  It  has  retired  more  inward  toward  the  earth's  core, 
and  it  is  girt  about  by  stronger  and  stronger  bands;  but  it  yet 
preserves  its  outward  vents,  and  often  warns  us  of  its  power  in 
the  trembling  of  its  bands  and  the  molten  rocks  which  flow 
from  the  fire  chasms  which  it  opens. 

The  interpretation  of  the  varied  phenomena  to  which  we 
have  just  alluded,  must  be  in  accordance  with  human  experi- 
ence and  observation.  Observations  turned  to  those  phenomena 
which  belong  to  each  of  the  periods  in  the  earth's  history, 
prove  that  the  plan  of  creation — ^the  ideas  which  that  plan 
expresses — is  a  unity.  It  proves  more  than  this,  that  the  pres- 
ent is  only  a  part  of  the  past,  and  belongs  to  it.  As  the  whole  of 
a  thing  is  made  up  of  its  parts,  and  is  imperfect  in  the  absence 
of  one,  so  the  present  is  imperfect  without  the  past,  and  the 
past  would  be  imperfect  without  the  present.  The  interpreta- 
tion of  the  present  is  perfected  only  by  reference  to  the  past, 
and  the  past  would  be  unintelligible  without  the  present.  Each 
period  then  is  a  fragment;  but  the  present  is  a  greater  fragment 
than  all  the  past  put  together.  The  present  does  not  date  its 
beginning  with  man,  but  with  the  earliest  species  of  plants  and 
animals  which  now  live,  and  whose  primordial  forms  are  not 
as  yet  extinct. 

§  6.  The  life  of  plants  and  animals  is  controlled  by  a  single 
element;  that  is  oxygen.  The  adaptation  of  organs  is  in 
accordance  with  its  properties.  It  has  always  been  so.  We 
presume,  too,  that  its  supply  has  been  constant — that  there  has 
been  no  period  when  its  quantity  was  either .  greater  or  less 
than  it  is  now.  A  different  view  is  not  sustained  by  the  fact 
that  at  one  period  huge  lizards  predominated  in  its  fauna,  for 
analogy  proves  that  this  class  would  have  perished  with  a  less 
proportion  than  that  which  exists  in  our  atmosphere  at  the 
present  time. 

In  cases  of  this  kind  reasoning  from  special  structural  affinities 
to  general  physical  conditions  is  not  always  safe.  The  lias  and 
oolitic  periods  abound  in  the  remains  of  cold-blooded  animals, 
whose  respiratory  apparatus  was  undoubtedly  imperfect,  like  the 
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lizards  of  the  present.    It  is  a  favorite  inference  with  a  certain 
class  of  the  progressive  geologists,  that  the  oxygen  of  the 
atmosphere  at  that  period  was  less  in  proportion  to  its  mass 
than  it  is  now.     But  then  may  we  not  inquire,  if  there  was  less 
oxygen  in  the  present  atmosphere  than  there  actually  is,  could 
the  membranous  reptile  lung  supply  the  demands  of  the  system; 
and  is  not  the  constituent  proportion  of  oxygen  the  quantity 
required  to  give  the  creature  the  power  to  breathe  at  all?     I 
say  it  is  not  always  safe  to  reason  from  structural  affinity  to 
physical  conditions.     If  we  take  any  other  organ,  as  the  eye, 
and  draw  from  its  structure  and  condition  analogous  inferences 
concerning  the  quantity  of  light,  we  may  see  where  it  will  lead 
us.     A  class  of  progressive  geologists,  maintaining  that  in  the 
early  periods  of  life  the  light  of  the  globe  was  dim,  and  that 
but  few  rays  shone  through  the  hazy  atmosphere,  find  in  sup- 
port of  this  doctrine  the  fossil  remains  of  a  fish  or  a  lizard 
with  enormous  eye  sockets.     He  believes  that  the  large  eye 
was  adapted  to  a  dim  state  of  the  atmosphere.    Another  person 
finds  a  fossil  with  very  small  bony  sockets.     In  this  case,  too, 
it  may  be  said  the  eye  was  very  small,  and  hence  it  was  adapted 
to  an  exceeding  intense  light — to  the  sun  when  it  shone  fiercely 
from  its  throne  in  the  heavens.     But  again,  a  fossil  is  found 
entirely  destitute  of  an  eye  socket,  and  not  a  vestige  of  an  organ 
of  vision  can  be  found;  hence  there  was  a  time  when  the  earth 
was  shrouded  in  darkness,  for  in  darkness  animals  have  no  need 
of  eyes,  and  light  would  be  useless  to  animals  destitute  of  the 
visual  organ.     But  then  we  find  all  these  states  of  the  eye  in 
the  present  arrangements  for  supplying  the  world  with  light. 
The  Pomatomus  telescopium,  a   fish   of  the   Mediterranean, 
which  lives  in  very  deep  water,  has  a  remarkably  large  eye^ 
It  is  the  position  which  it  occupies  that  requires  the  large  eye, 
and  that  large  eye  is  adapted  to  its  abode;  and  if  only  one-half 
of  the  light  of  the  sun  was  extinguished,  it  probably  would  be 
unable  to  see  at  all.     And  just  so  with  the  reptile,  if  one-half 
of  the  oxygen  of  the  atmosphere  was  withdrawn  from  it,  all 
reptiles  would  die.    The  mole  has  a  very  small  eye,  but  that 
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small  eye  would  be  of  no  use  if  the  ground  was  lighted  by  fewer 
rays.  The  blind  fish  and  the  blind  animals  of  the  mammoth 
cave  live  in  a  period  when  the  earth  is  lighted  up  most  glori- 
ously: their  abodes  are  dark,  but  yet  the  sun  shines  without 
in  all  its  strength.  We  find,  then,  all  conditions  of  the  eye 
and  the  lungs  at  the  present  time.  But  it  does  not  follow,  that 
because  the  structure  of  the  fossils  of  a  given  period  may  be 
found  whose  organs  belong  to  a  certain  type,  that  the  physical 
conditions  of  the  earth  were  materially  different  from  what 
they  are  now.  This  view  of  the  subject  does  not  conflict  with 
the  doctrine  of  adaptation,  but  rather  sustains  it.  The  physical 
conditions  are  first  established;  the  organic  kingdoms  after- 
wards come  in  with  their  separate  adaptations.  The  organisms 
are  perfect  in  their  adaption  to  the  conditions  in  which  they 
are  to  live,  as  well  as  to  the  position  in  space,  and  the  mediums 
in  which  they  are  to  be  placed.  The  doctrine  of  progressive 
development,  as  usually  represented,  seems  to  be  untrue.  It 
proceeds  on  the  ground  that  the  earliest  beings  were  the  least 
perfect,  and  that  progression  consisted  in  the  creation  of  those 
animals  which  were  more  perfect  in  their  structures  than  their 
predecessors.  But  who  can  not  see  that  the  world  is  full  of  the 
same  imperfections  in  animals  now  as  in  the  beginning.  Pro- 
gression has  no  reference  to  perfection  of  structure,  but  to  rank. 
Structures  have  been  always  perfect,  but  rank  has  been  pro- 
gressive. 

§  7.  Water  acts  upon  the  earth's  surface  in  many  ways.  It 
is  a  solvent.  Temperature  and  pressure  modify  this  property. 
Pressure  and  temperature  combined  increase  it  to  an  indefinite 
amount.  It  also  acts  mechanically.  It  permeates  the  solids 
and  penetrates  the  fissures  of  rocks,  and  in  the  cold  regions 
divides  asunder  the  particles  and  masses  in  freezing.  It  is  a 
carrier  or  transporter  of  the  divided  matter.  Flowing  in 
streams  over  the  surface,  it  carries  along  from  the  higher  to 
the  lower  levels  the  broken-down  matter.  When  moving  in 
masses,  in  the  form  of  tides  and  waves  of  seas  and  oceans,  it 
bears  away  and  moves  to  distant  points  the  mud  and  sand  com- 
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mitted  to  it;  as  a  body  moving  in  great  ocean  rivers,  as  the 
Gulf  stream,  it  also  bears  these  materials  forward  to  certain 
and  well  determined  regions.  It  thus  arranges  and  moulds  the 
ocean's  bottom  from  the  matter  committed  to  it  by  the  terres- 
trial rivers.  By  mechanical  force  the  waves  break  down  the 
strong  rocky  barriers  of  coasts,  as  well  as  those  shores  which 
are  girded  with  sand.  The  ocean  then  is  a  moulder  and  dis- 
tributer of  all  the  plastic  matter  committed  to  its  bosom.  In 
fine,  moving  water,  under  whatever  name  it  has  received,* 
whether  rivers,  waves,  tides,  or  ocean  currents,  is  both  destruct- 
ive and  constructive,  according  to  the  conditions  and  circum- 
stances of  the  moving  mass. 

The  changes  of  temperature  which  a  country  undergoes,  and 
the  amount  of  rain  which  it  receives,  produce  important  changes 
in  the  physical  condition  of  its  surface.  The  observations 
which  have'  been  hitherto  recorded  are  however  too  few  to 
become  the  basis  of  important  geological  reasoning;  yet  they 
are  sufficiently  so  to  require  some  notice  in  this  place.  The 
following  facts  are  recorded  in  the  periodicals  of  the  day,  and 
are  among  the  most  important  of  this  class: 

Menu  Rain 

Latttnde.  Place.  an.  temp,    lu  inches. 

HnntsvUie  (9  years), .  • 51*13 

Natchez  (8  years), 64'76 

Columbia,  S.  C  , 56*8  49*90 

Washington,  B.C., 96  '57 

39^56'        Philadelphia,  53*42 

39^  06'        Cincinnati,  510  ft.  above  tide  water, . . .  53*78 

4\°  14'        Hndson,  Ohio  (3  years,)  9  A.M.,  ....  48*7  37*03 

(The  amount  of  rain  varies  some  nine  or  ten  inches.) 

The  average  at  3  P.  M., 55*6 

Trenton,  N.  J., 48*22 

For  six  summer  months, 60*60 

Winter  months, 3579 

Prevailing  winds  S.  W. 

State  of  New  York— 

40^37'  Flatbnsh,  L.  I., 51*25 

41^30'  Newburgh  (17  years), 48*96        35*54 

Albany,  do  48*27        39*91 


8 


AMERICAN   GEOLOGY. 


latitude. 


42^42' 
43"  6' 


46^47' 


Place. 
Rochester,  620  ft.  above  tide  water 

(11  yean), 

Barometrical  mean, .     29 '56  in. 

Range, 1*34 

Malone, 

Penn  Yan  (16  years), 

Utica  437  ft.  abore  tide  water  (5  years), 
Barometrical  mean, .     29  64  in. 

Range, 2*03 

Syracuse — ^barometer     (400 

feet), 29  33 

Range,  2*26 

Salem,  Mass.  (33  years), 

Williamstown,  595  ft.  above  tide  water 
(23  years), 


Montreal  (3  years), 


do 


Mean 
ma.  temp. 

47-48 


52*60 
46-87 
46*35 


Warmest  day, -f90 

Coldest, —13 

Quebec,  340  (t.  above  tide  water, 

Detroit, 

Brunswick,  Me.  (11  years), 

Mean  temperature  for  latitude  of  41°  43', 
do  do  do     42=  43\ 


37-19 
52*66 

49-75 
48*15 


Rain 

in  inches. 


27-16 


27-8 
44-12 


48-65 


45-59        37-48 

8nnw 
in  iucbflt. 

41-07         65-85 

Rain 
in  inches. 

18-60 


32-79 
37-15 


Decrease  of  temperature  by  elevation,  one  degree  for  every  325  feet,  for 
New  York. 

Mean  temperature  for  the  state  of  New  York,  reduced  to  the  standard  of 
Albany  and  level  of  the  sea,  48*95. 

Mean  quantity  of  rain,  in  inches,  3955 

Mean  quantity  of  raiu  for  places  near  the  lakes,  and  western  courses,  24-52 
inches.  Thus  Lewiston  has  only  20-40  inches  of  rain,  Ogdensburgh  24*61 
inches,  and  Rochester  only  28'69  inches. 

The  area  of  the  state  of  New  York  is  48,000  square  miles. 
I  have  no  observations  which  show  how  much  of  the  rain 
evaporates,  and  how  much  passes  off  in  drainage.  The  tribu- 
taries of  the  Ohio  river*  rise  over  an  area  of  24,337  square 


*  Smithsonian  Contributions,  by  Charles  EUet,  jr.,  Civil  Engineer. 
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miles.  Here  the  total  annual  fall  of  rain  is  approximately 
thirty-six  inches.  Forty  per  cent  of  this  quantity  passes  off  in 
the  drainage  of  the  branches  above  Wheeling;  sixty  per  cent 
is  evaporated,  or  is  employed  by  the  vegetable  kingdom.  The 
average  discharge  of  the  Ohio  at  Wheeling  for  six  consecutive 
years,  was  found  to  be  835,323,000,000  cubic  feet.  The  quan- 
tity of  solid  matter  which  this  quantity  of  water  holds  suspended 
in  a  cubic  foot,  is  approximately  77^09  P^^^* 

The  quantity  of  rain  which  a  country  annually  receives  is 
connected  with  the  amount  of  degradation  which  that  country 
is  undergoing;  and  the  amount  of  matter  dissolved  out  of  the 
exposed  surfaces  of  limestone  and  other  rocks,  is  also  related  to 
the  quantity  of  rain  which  flows  over  its  surface.  The  quan- 
tity of  carbonic  acid  and  ammonia  which  i^  required  to  confer 
fertilit}'  upon  a  country,  stands  connected  with  the  number  of 
inches  of  rain  with  which  that  country  is  supplied.  When 
observations  have  been  made  upon  the  quantity  of  rain  which  a 
given  area  receives  annually,  together  with  the  amount  of  sedi- 
ment which  drainage  carries  away,  it  Will  be  possible  to  form  an 
approximate  calculation  of  the  rate  the  degradation  is  going  on, 
as  well  as»the  rate  at  which  the  valleys  are  filling  up.  There  are 
also  many  other  problems  which  will  receive  a  solution  when 
the  related  facts  or  data  shall  have  been  obtained. 

Questions  of  a  practical  kind,  and  which  arc  closely  related 
to  geology,  are  constantly  arising;  and  upon  their  answer  some 
of  the  most  important  interests  of  society  are  involved.  For 
example,  our  rivers  overflow  their  banks,  and  inflict  heavy 
damages  upon  private  and  public  property.  Can  any  practical 
scheme  be  devised,  by  which  these  injuries  shall  be  avoided  or 
prevented?  Can  those  streams  be  controlled  so  far  as  to  render 
their  swellings  harmless.  We  have  a  natural  illustration  how 
nature  sometimes  counteracts  her  own  evils:  the  Androscoggin, 
when  in  flood,  flows  through  a  short  cut  into  Umbagog  lake. 
Hence,  its  waters  being  partially  diverted  for  a  time,  finally 
pass  down  to  the  ocean  harmlessly.  In  a  valuable  treatise  on 
the   physical   geography  of  the   Mississippi   valley,  by  Mr. 
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Charles  Ellet,  he  proposf>s  to  put  in  execution  an  analogous 
plan,  to  distribute  the  waters  of  the  Ohio  in  a  more  equable 
manner  by  means  of  reservoirs,  so  as  to  preserve  a  given  quan- 
tity on  its  bar  at  Wheeling.  It  must  be  noted,  that  in  the 
execution  of  all  similar  projects  certain  geological  results  will 
follow.  The  detritus  will  be  arrested  in  artificial  basins;  the 
stream,  in  its  onward  course,  will  be  freed  in  part  from  sedi- 
ment; the  accumulations  which  have  been  collecting  at  the 
mouths  of  rivers  and  in  shallow  ground,  will  be  diminished  in 
quantity,  and  their  nature  somewhat  changed.  The  changes 
which  improvements  in  navigation  by  dams,  by  diversion  of 
streams  by  canals,  are  and  quite  important.  These  changes  are 
not  confined  to  the  sediments.  Certain  species  of  fish  become 
more  widely  distribtited  by  means  of  channels  of  communication 
being  opened  between  the  lakes  in  the  interior  of  the  country 
and  its  coasts.  The  proteus  of  lake  Erie  has  found  its  way  to 
the  Hudson  river  by  the  Erie  canal,  and  the  different  species  of 
limneas  and  unios  now  occupy  its  bed  throughout  its  whole 
extent. 

§  8.  Notwithstanding  the  great  extent  of  land,  the  North 
American  continent  is  well  watered.  This  is  especially  true  of 
the  United  States.  Situated  between  two  oceans,  it  has  a 
breadth  of  2500  miles  of  land.  The  great  western  lakes  are 
inconsiderable  areas  compared  with  the  wide  interval  between 
the  oceans.  From  the  gulf  of  Mexico  to  the  great  lakes, 
or  country  of  lakes,  it  is  1200  miles  by  the  shorter  route. 

Notwithstanding  the  great  area  of  unbroken  soil,  the  distribu- 
tion of  the  forces  which  supply  water  to  2,500,000  square  miles 
is  such,  that  the  whole  country  can  be  traversed  and  cultivated. 
It  is  true  that  at  the  base  of  the  Rocky  mountains  there  is  an  arid 
country— one  too  dry  to  be  inhabited.  The  westerly  winds 
which  are  known  to  prevail  in  this  country,  are  deprived  of  a 
large  proportion  of  their  water  by  the  ranges  intervening 
between  this  dry  country  and  the  Pacific  ocean. 

Taking  the  whole  globe  into  view,  we  may  learn  by  an 
inspection  of  its  map,  that  land  and  water  are  unequally  dis- 
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tributed.  As  it  regards  the  area  of  land,  it  is  found  that  the 
northern  hemisphere  contains  three  times  as  much  as  the  south- 
em;  and  as  it  regards  the  expanse  of  water,  its  superficial  area 
in  the  southern  exceeds  that  in  the  northern  hemisphere. 

§  9.  The  Atlantic  ocean  is  prolonged  north  and  south  so  as 
to  extend  from  pole  to  pole,  while  its  breadth  does  not  exceed 
6000  miles.  Its  depth  has  been  stated  at  about  three  miles;  its 
area  is  20,000,000  square  miles.  The  Pacific  ocean  is  prolonged 
from  east  to  west.  If  measured  on  a  line  extending  from  Peru 
to  the  eastern  coast  of  Africa,  it  is  16,000  miles.  This  great 
expanse  of  waters  contains  70,000,000  of  square  miles,  exclu- 
sive of  the  areas  which  are  occupieil  by  its  islands.  Its  depth 
is  four  miles;  but  many  points 'have  not  been  fathomed  even 
with  lines  six  miles  in  length.  The  sounding  in  all  waters, 
whether  oceans  or  seas,  or  inland  fresh  and  salt  water  lakes, 
demonstrates  that  their  bottoms  possess  all  the  diversities  of 
surface  as  the  land,  sinking  in  many  places  to  profound  and 
unfathomed  depths;  in  others,  banks  and  terraces  spread  out 
fieur  and  wide.  These  banks  or  terraces  are  probably  made  by 
the  joint  operation  of  the  waves  and  of  submarine  and  super- 
ficial currents,  which  are  common  to  all  great  bodies  of  water. 

The  area  of  dry  land  does  not  exceed  35,500,000  of  square 
miles.  Its  mean  elevation  is  about  1000  feet;  hence  it  follows 
that  the  entire  surface  of  dry  land  may  be  covered  with  water. 
The  great  disproportion  of  dry  land  to  water  is  a  provision 
which  is  necessary  to  the  well  being  of  plants  and  animals. 

§  10.  If  water  covers  four-fifths  of  the  earth's  surface,  it  is 
evident  that  its  influence,  as  a  geological  cause,  should  not  be 
overlooked.  The  North  American  continent  being  skirted  by 
two  great  oceans,  and  being  supplied  also  with  large  inland 
lakes,  and  the  largest  and  longest  water  courses  in  the  world, 
we  may  expect  to  find  those  phenomena  which  are  due  to  aque- 
ous action  upon  the  grandest  scale;  while  the  other  element, 
volcanic  fire,  seems  to  be  so  far  exhausted  in  its  power  in  the 
United  States,  that  it  is  impossible  to  obtain  specimens  for 
laboratory   illustration.     The    Atlantic  coast   is  remarkably 
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indented.  The  coast  of  Maine,  Massachusetts,  and  Connecticut 
is  deeply  gashed  and  serrated.  The  southern  coast  and  shores 
are  penetrated  by  deep  bays.  The  Chesapeake  and  Delaware 
are  two  of  the  most  important.  The  inshore  sea,  which  has 
received  the  name  of  sound,  is  another  feature  of  the  coast 
which  may  properly  claim  attention.  Long  Island,  Albemarle, 
and  Palmico  are  the  largest  These  sounds  have  inlets  which 
are  liable  to  be  closed  by  coast  storms;  or  on  the  contrary,  new 
inlets  may  be  formed  by  the  action  of  winds  and  waves  upon  a 
sandy  barrier.  For  this  reason,  the  sounds  upon  the  coast  of 
North  Carolina  vary  much  in  the  amount  of  their  saline  matter; 
for  this  reason,  too,  they  undergo  changes  in  their  marine 
iJEiunas.  No  fact,  however,  so  c;pnclusively  proves  the  variable 
condition  of  the  ground  occupied  by  these  sounds,  as  the  fact 
that  their  bottoms  are  everywhere  studded  with  the  stumps  of 
the  conmion  pines  of  the  country.  #  The  grounds  which  may  be 
selected  for  fishing,  require  the  removal  of  these  stumps  by  gun 
powder  before  a  net  can  be  drawn.  At  the  first  view  it  may 
be  inferred  that  the  bottoms  of  the  sounds  were  dry  land  but 
very  recently;  but  the  stumps  of  pine,  when  immersed  in  water, 
are  almost  imperishable,  lasting  for  centuries:  still,  geologic- 
ally speaking,  the  pines  belong  exclusively  to  the  present,  as 
they  are  evidently  the  same  species  of  pines  as  those  which 
now  live  upon  the  coast. 

The  coast  is  protected  by  belts  of  sand,  which  in  time  sup- 
port a  stunted  vegetation,  and  admit  of  pasturage  for  mules, 
horses,  and  sheep.  The  horses  which  run  wild  upon  those 
semi-deserts  belong  to  the  pony  breed;  but  they  are  tough  and 
hardy.  They  invariably  refuse  corn  when  first  taken.  The 
sand  reefs  and  barrens  are  entirely  due  to  the  action  of  winds 
and  waves.  The  sands  are  constantly  accumulating  along  the 
coast  line.  Portions  of  wrecks,  fish-spears,  coins  from  wrecked 
vessels,  wash  upon  the  beach  after  due  time.  These  facts  illus- 
trate the  action  of  the  waves.  This  coast,  by  the  incessant 
action  of  its  waves,  has  traveled  eastward  two  hundred  miles 
since  the  Eocenic  period.     Cape  Hatteras  moves  in  advance  of 
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the  general  coast  line.  The  inclination  of  the  Eocenic  plain 
IS  equal  to  one  foot  per  mile.  It  extends  inward  to  Raleigh, 
which  is  two  hundred  feet  above  the  sea  level.  Upon  the 
Atlantic  coast  we  learn  the  nature  of  the  action  of  water  mov- 
ing in  wave  masses.  The  slope  of  the  beach  is  gentle  to  the 
surf  line;  here  the  bank  steepens,  and  the  crested  wave  rotates 
vertically  upon  itself,  giving  origin  to  the  ground  wave  or 
undertow,  while  a  portion  shoots  forward  in  thin  sheets,  rip- 
pling the  sands  over  which  it  flows.  Upon  the  Carolina  coast 
this  action  is  mainly  constructive. 

§  11.  The  constructive  action  of  water  is  equally  manifest  in 
the  formation  of  sisals.  The  tide-wave,  which  travels  north- 
east, tra^isports  detritus,  which  is  deposited  at  any  point  where 
an  obstruction  lies  in  its  way.  A  portion  of  a  wreck  is  suffi- 
cient to  form  a  shoal. 

§  12.  It  has  been  said  already  that  the  bottoms  of  oceans  and 
seas  are  not  spread  out  in  level  plains.  They  have  all  the 
diversities  of  dry  land,  rising  in  some  places  into  mountains 
and  hills;  in  others,  sinking  into  deep  valleys.  It  is  in  thes^ 
deep  valleys  that  sounding  lines  fail  to  reach  the  bottom. 
Extensive  and  comparatively  level  banks  exist,  where  the  water 
has  only  a  ^moderate  depth.  The  Atlantic's  shore  is  skirted  by 
extended  ridges,  which  are  formed  or  moulded  by  the  joint 
action  of  tides  and  waves. 

§  13.  Animals  live  upon  the  ocean's  bottom;  but  different 
kinds  inhabit  it  at  different  depths.  They  are  rarely  found  liv.- 
ing  below  the  depth  of  180  feet.  Vegetables  grow  in  the 
ocean.  They  can  subsist  at  the  depth  of  300  feet.  The  most 
favorable  positions  for  animals  and  plants  are  near  the  shore, 
where  the  water  is  comparatively  shallow.  In  deep  water  they 
seleet  the  slopes  of  ridges.  The  summits  are  generally  avoided 
on  account  of  the  disturbance  by  waves.  Great  pressure,  and 
the  absence  of  light  in  deep  water,  are  unfavorable  to  life;  and 
the  more  profound  abyses,  like  the  heights  of  the  Himalaya 
and  Andes,  are  dreary  wastes — the  one  from  its  darkness  and 
pressure  of  the  superincumbent  water,  the  other  from  its  exces- 


14  AMERICAN   OEOLOOT. 

sive  cold  and  thin  atmosphere.  The  causes  v^hich  are  now 
operative  in  excluding  animals  and  vegetables  from  deep  sea 
bottoms  and  high  mountains,  have  also  been  operative  in  all 
periods  of  the  earth's  history. 

§  14.  The  earth's  surface  did  not  receive  its  present  configu- 
ration at  its  creation.  Its  mountains  and  valleys  had  no  exist- 
ence in  the  original  constitution  of  the  globe.  Even  its  highest 
mountains,  the  Himalayas,  have  been  raised  long  since  animals 
and  vegetables  were  created;  and  oceans  but  lately  rolled  over 
lands  which  are  now  the  highest  points  of  continents.  Power- 
ful agents  have  therefore  been  operative  in  these  changes. 
The  most  effective  of  these  agents  are  wat«r  and  fire.  Water 
is  operative  in  many  ways.  It  is  a  solvent  of  many  of  the 
materials  composing  the  earth's  crust  The  rocks  are  dissolved 
by  water.  It  is  the  most  effective  when  aided  by  heat  and 
pressure.  In  the  deep  parts  of  the  earth's  crust,  where  there  is 
both  heat  and  pressure  to  aid  it,  silex  is  dissolved;  and  if  it 
rises  to  the  surface  in  a  heated  state,  and  there  cools,  its  silex 
is  deposited  upon  the  soil  or  rocks,  as  at  the  Geysers  of  Iceland. 
This  deposit  is  called  siliceous  sinter.  Cold  water  readily  dis- 
solves carbonic  acid,  which  is  diffused  in  the  atmosphere  and 
soil;  and  cold  water,  aided  by  carbonic  acid,  dissolves  carbonate 
of  lime  and  other  carbonates,  together  with  the  oxides  of  iron, 
manganese,  and  phosphate  of  lime.  Spring  water,  which  holds 
them  in  solution  below  the  surface  and  imder  pressure,  deposits 
them  at  the  surface.  Incrustations  of  lime  and  porous  beds  of 
it,  are  formed  around  these  springs.  These  deposits  are 
called  tufa  or  travertine.  It  should  be  noted  that  travertine  is 
a  rock  formed  on  the  dry  land — it  is  a  subaerial  formation. 
Ochrey  iron  ore,  mixed  with  carbonate  of  iron,  and  manganese 
are  also  deposited  around  springs,  and  upon  dry  land,  under 
similar  conditions.  All  these  are  subaerial  deposits,  and  should 
be  distinguished  from  the  subaqueous.  Water  percolating 
through  the  soil,  holding  in  solution  carbonic  acid,  dissolves 
carbonate  of  lime  and  iron,  which  it  deposits  on  the  coarse  and 
fine  materials,  when  they  become  cemented  together.     They 
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are  then  less  porous  in  structure,  and  consequently  less  pervious 
to  water.  The  cemented  stratum  is  often  called  hard  pan. 
When  impervious,  or  only  partially  so,  water  is  retained  too 
long  in  the  soil  for  profitable  cultivation.  Beds  of  gravel  and 
pebbles  are  also  cemented  under  similar  ( onditions.  These  are 
called  pudding  stones;  they  are  also  subaerial  formations,  and 
should  be  distinguished  from  conglomerates,  which  are  sub- 
aqueous. Limestone,  permeated  in  the  same  way,  yields  to  the 
action  of  water.  A  shelving  ledge,  or  the  roof  of  a  cave  below, 
is  often  hung  with  pendent  masses,  like  icicles  from  the  eaves 
of  a  house.  These  are  called  stalactites.  Their  formation 
begins  with  a  deposit  of  lime  in  the  form  of  a  ring,  which  is 
gradually  prolonged  by  additions  from  the  water.  A  part  of 
the  water  drops  to  the  ground  or  floor,  and  there  forms  another 
deposit  of  carbonate  of  lime.     This  is  called  stalagmite. 

Numerous  instances,  illustrating  the  agency  of  water  in  the 
mode  I  have  stated,  are  found  in  all  parts  of  the  Union.  Thus 
stalactites  and  stalagmites  occur  on  a  large  scale  in  all  the 
great  caves  of  Kentuckey,  Tennessee,  and  Virginia;  also  in  the 
smaller  caves  of  New  York  in  Albany  and  Schoharie  counties. 
Tufa  is  deposited  from  numerous  springs  in  Onondaga,  and 
other  western  counties  in  New  York.  The  hydrous  peroxides 
of  iron  and  manganese  are  derived  from  mineral  springs  form- 
erly existing  in  the  tertiary  formations  of  the  southern  states, 
as  well  as  in  the  more  ancient  rocks  of  the  primary  belts. 
Silica  is  often  separated  from  its  solution  in  hot  water  and  from 
steam,  and  has  furnished  the  siliceous  sinter  surrounding  hot 
springs  in  almost  all  regions  of  the  globe.  Amethysts  and 
coatings  of  chalcedony  upon  common  quartz  in  Nova  Scotia 
and  the  trap  ranges  of  our  country,  and  upon  crystals  of  calc- 
spar  in  Edwards,  N.  Y.,  were  the  products  of  hot  water  holding 
this  substance  in  solution. 

But  water  is  more  eminently  a  solvent  for  those  bodies  which 
have  taste,  as  common  salt,  alum,  copperas,  &c.  Extensive 
rocks  are  known,  which  consist  of  nearly  pure  salt  or  chloride 
of  sodium.    The  elements  of  common  salt  exist  in  many  of  the 
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Stony  matters  upon  the  earth's  surface.  Chemical  action  has 
separated  these  elements,  and  united  them  again  so  as  to  form 
this  compound.  It  is  dissolved  by  the  streams,  and  transported 
to  the  ocean,  which  has  become  salt  by  small  additions  from 
time  to  time.  The  water  of  the  ocean  which  is  carried  off  by 
evaporation  is  fresh;  and  hence,  while  water  continually  flows 
in  charged  with  a  little  salt  imperceptible  to  the  taste,  and  none 
is  carried  off,  it  will  finally  become  salt.  In  shallow  seas  or 
bays  in  warm  climates,  where  evaporation  is  rapid,  salt  is 
rapidly  formed;  and  though  it  may  be  mixed  with  mud,  yet 
when  it  crystalizes,  as  it  always  will,  it  becomes  pure.  Layers 
of  crystals  arc  successively  formed  under  favorable  conditions, 
and  these  united  form  thick  beds  of  salt.  The  quantity  of  salt 
in  the  oceans  and  seas  is  enormous,  and  long  periods  must  have 
passed  before  it  became  perceptible  to  the  taste.  The  small 
quantity  of  salt  in  the  water  in  the  early  periods  may  have 
modified  the  forms  both  of  animals  and  vegetables.  Brine 
springs  may  originate  from  beds  of  rock  salt,  or  water  in  the 
deep  parts  of  the  earth's  crust,  and  by  the  aid  of  chemical 
affinity  may  form  common  salt  from  its  elements.  These  ele- 
ments are  known  to  exist  there;  and  the  water  being  charged 
with  salt,  rises  to  the  surface  as  brine  springs,  or  else  the  brine 
may  remain  below  in  reservoirs  until  they  are  reached  by  the 
industry  of  man.  The  brines  or  valines  of  New  York  seem  to 
be  formed  in  this  way;  that  is,  from  the  elements  of  salt  which 
exist  in  the  rocks  in  other  combinations. 

Water,  then,  acting  as  a  solvent,  produces  many  important 
changes  upon  the  earth's  surface.  It  dissolves  and  consolidates 
rocks  when  aided  by  carbonic  acid,  heat,  and  pressure.  It  dis- 
solves and  transports  the  saline  bodies  to  the  common  reservoirs, 
where  they  are  concentrated  by  one  of  the  natural  processes — 
that  of  solar  evaporation.  It  is  a  result  of  the  utmost  import- 
ance to  the  well  being  of  man. 

Bodies  of  salt  water  are  never  formed  so  long  as  there  is  a 
supply  of  rain  to  maintain  a  drainage  to  the  ocean.  If,  how- 
ever, the  rains  only  supply  sufficient  water  to  fill  a  basin,  and 
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there  is  no  discharge  or  surplus  water,  the  constant  evaporation 
of  fresh  water  concentrates  the  saline  matter  of  the  lake,  and 
in  time  it  becomes  salt.  The  great  salt  lake  of  Utah  became 
saline  by  evaporation  of  its  waters,  the  evaporation  and  drain- 
age of  the  valley  being  sufficient  to  equalize  each  other. 

There  is  a  high  probability  that  the  saltness  of  the  seas  and 
oceans  had  attained  a  large  amount  of  saline  matter  prior  to 
the  palaeozoic  period.  The  silurian  system  furnishes  brine  ^ 
springs,  and  the  fossils  of  this  early  period  indicate  that  they 
were  the  inhabitants  of  the  ocean.  The  vast  quantity  of  salt  in 
the  oceans  of  the  globe  indicates  also  the  lapse  of  long  periods 
during  which  the  saline  matter  was  accumulating. 

Water  separates  the  parts  of  rocks  from  each  other.  This  is 
the  result  of  congelation;  this,  often  repeated,  ends  in  commi- 
nution or  disintegration.  Soils  are  comminuted  or  pulverized 
rocks.  The  process  of  comminution  is  more  rapid  on  the  tops 
of  mountains.  Slaty,  schistose,  and  jointed  rocks  favor  this 
result  by  admitting  water  between  their  lamina  and  joints. 
The  broken  and  comminuted  rocks  are  thus  prepared  for  a 
removal  to  a  lower  level.  The  small  but  rapid  streams  first  take 
upon  themselves  this  office.  A  part  of  the  disintegrated  rock 
remains  upon  the  tops  and  sides  of  mountains.  It  bears  a  • 
scanty  herbage,  whose  roots  confine  it  more  securely.  The 
streams  lose  a  portion  of  their  burthen  at  all  the  levels,  where 
small  meadows  are  formed,  «and  where  grass  springs  up.  The 
streams  unite  in  plains  below,  where  a  rich  vegetation  is  nour- 
ished, and  where  climate  favors  the  organic  kingdoms.  The 
united  mountain  streams  form  rivers,  which  flow  oceanward; 
but  before  they  reach  the  great  reservoirs,  the  tides  check  their 
currents.  Here  deposits  are  again  made.  Shoals  are  the 
uniform  results  of  the  meeting  of  river  currents  with  the  tidal 
wave.  But  the  return  tide  favors  the  river  current,  and  its 
detrital  matter,  which  it  has  borne  along,  is  delivered  up  to  the 
ocean  wave.  The  quantity  of  earthy  matter  which  is  thus 
transported,  varies  with  the  season.  The  Missouri  is  always 
muddy,  and  a  thick  deposit  subsides  in  vessels  in  which  it  stands. 
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From  the  foregoing  facts  it  follows  that  rocks  are  now  form- 
ing. The  muddy  sediments,  or  the  sand  and  gravel,  will  in 
time  consolidate.  There  are,  however,  no  additions  made  to 
the  earth's  crust:  the  gain  of  one  place  is  at  the  expense  of 
.  another.  The  contribution  which  the  mountains  make  to  the 
plains,  and  to  the  ocean's  bottom,  is  from  their  tops  and  sides; 
and  though  the  plains  are  raised,  the  mountains  are  lowered. 

§  16.  Water  moving  in  masses,  as  in  waves,  modifies  the 
character  of  the  earth's  surface.  It  is  upon  and  near  the  shore 
that  waves  produce  the  greatest  modifying  effects.  The  long 
swell  of  waves,  as  they  break  successively  upon  a  shore,  raises 
the  mud  and  fine  sand,  and  bears  it  onwards  to  the  land.  The 
material,  whatever  it  may  be,  will  accumulate  in  ridges,  which 
have  a  steeper  slope  on  the  land  than  upon  the  ocean's  side. 
But  ridges  are  formed  also  upon  the  shores  of  lakes  on  a  scale 
commensurate  with  their  size.  As  examples  of  ridges  upon  a 
large  scale,  I  may  cite  Long  island  and  its  parallel  outer  oceanic 
ridge,  and  the  ridge  upon  the  south  side  of  lake  Ontario.  These 
ridges  are  formed  by  the  waves  which  bear  some  of  the  sand 
to  its  crest,  when  it  falls  over  it  to  the  land  side.  This  is  a 
permanent  addition  to  the  ridge.  The  ancient  shores  of  lake 
Champlain,  in  Clinton  county,  may  be  traced  by  similar  ridges 
of  sand  and  gravel.  There  are  no  less  than  four  nearly  parallel 
ridges,  which  mark  the  former  positions  of  the  lake.  These 
show  that  the  land  for  long  periods  occupied  positions  at  lower 
levels  than  at  the  present  time,  and  that  these  changes  of  level 
have  occurred  since  the  drift  period.  There  is  generally 
towards  the  land  a  sheet  of  shoal  water,  which  becomes  a 
marsh,  and  which  in  time  may  be  filled  up. 
\  Water  moving  in  mass,  in  the  form  of  tides,  modifies  also 
the  earth's  surface.  The  tide  entering  the  mouth  of  a  river 
flows  up  its  channel,  but  meeting  the  down  current  of  the  river, 
it  checks  its  flow.  Some  of  its  burthen  of  mud  falls  to  the  bot- 
tom, and  forms  a  bar  or  a  shoal.  The  outward  tide,  however, 
receives  the  rest  of  the  burthen,  and  bears  it  oceanwa^d,  some 
of  which  may  be  carried  to  the  ocean  rivers.    The  tide  of  our 
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own  coast  flows  northward,  and  carries  its  burthen  onward; 
and  at  every  opening  mouth  of  a  river  it  receives  accessions, 
which,  as  a  common  carrier,  it  bears  along,  or  gives  it  a  new 
distribution.  The  conjoint  actions  of  waves  and  tides  are  not 
only  to  carry,  but  break  down,  the  bars  and  ridges  which  they 
have  formed  across  inlets  and  bays.  Bays  and  inlets  may  have 
been  shut  off  from  the  ocean  for  centuries,  or  until  their  waters 
become  fresh,  and  peopled  with  fresh  water  tenants,  both  from 
the  animal  and  vegetable  kingdoms.  Again  a  high  tide, 
accompanied  with  high  waves  and  winds,  breaks  down  the 
bar,  when  it  is  at  once  filled  with  salt  water.  The  animals 
and  vegetables  of  fresh  water  die,  and  are  replaced  by  the 
marine.  Such  alternations  are  well  established  facts.  These 
views  are  illustrated  by  the  changes  in  Albemarle  and  other 
sounds  upon  our  southern  coast. 

Water  moving  in  masses,  as  in  ocean  rivers,  modifies  the 
present  surface  of  the  earth.  These  great'  rivers  are  only  car- 
riers; they  take  what  is  committed  to  them,  but  they  do  not 
furnish  the  matter  they  carry.  The  Gulf  stream  is  an  ocean 
river.  The  great  terrestrial  rivers,  as  the  Amazon,  La  Plata, 
Orinoco,  Mississippi,  Ganges,  and  Brahmapootra,  are  the  con- 
tributors to  the  ocean  rivers.  The  density  of  sea  water  aids  in 
the  wider  distribution  of  matter  committed  to  it.  The  great 
river,  called  the  Gulf  stream,  originates  in  the  Atlantic. 
Beginning  near  cape  Horn,  it  is  there  divided:  its  main  cur- 
rent flows  down  the  western  coast  of  America,  but  it  turns  sud- 
denly to  the  west,  and  is  lost  in  the  great  equatorial  current  of 
the  Pacific;  it  then  crosses  the  ocean  in  the  parallels  of  26  and 
24t  N.  It  is  350  miles  broad  when  it  impinges  upon  the  coast 
of  China,  the  eastern  peninsula,  and  islands  of  the  Indian  archi- 
pelago, where  it  is  again  divided.  A  portion  is  deflected  to 
join  the  great  equatorial  current  of  the  Indian  ocean,  when  it  is 
impelled  by  the  south-east  trade  wind:  it  however  maintains  a 
westerly  course  between  10°  and  20°  parallels  of  south  latitudel. 
It  is  divided  a  third  time  by  the  island  of  Madagascar.  One 
part  bends  round  its  northern  end,  and  flows  through  the 
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Mozambique  c&annel,  and  before  doubling  the  cape  of  Grood 
Hope  is  joined  by  the  other  stream,  when  it  flows  outside  the 
Aguillas  bank.  It  there  takes  the  name  of  the  South-Atlantic 
current.  It  now  flows  up  the  west  coast  of  Africa  to  the  paral- 
lel of  St.  Helena,  where  it  is  deflected  by  the  coast  of  Guinea. 
It  now  forms  the  great  Atlantic  equatorial  current,  and  flowing 
westward,  it  splits  upon  cape  St.  Roque.  One  stream  flowing 
along  the  eastern  coast  of  South  America,  its  force  is  finally 
spent  in  southern  latitudes  before  it  reaches  the  straits  of 
Magellan,  except  a  single  branch,  which  is  deflected  to  the  cape 
of  Good  Hope.  The  other  branch,  or  the  great  equatorial  cur- 
rent, flows  northerly  along  the  coast  of  Brazil  with  great  force. 
It  encounters  the  river  currents  of  the  Orinoco  and  Amazon, 
and  yet  it  speeds  its  way  to  the  Carribean  sea  and  gulf  of 
Mexico.  It  here  gets  great  accessions  of  heat,  its  temperature 
rising  to  88°  52'.  It  now  flows  up  the  coast  of  North  America 
under  the  name  of  the  Gulf  stream.  It  is  deflected  to  the  east 
by  Newfoundland.  It  is  again  divided  into  several  streams: 
one  stream  flows  towards  Britain  and  Norway,  and  being  still 
farther  divided,  a  branch  flows  onward  to  Spitzbergen,  where 
it  mitigates  the  severity  of  its  climate.  From  Newfoundland  a 
branch  strikes  ofi*  for  Baffin's  bay.  Another  branch  also  takes 
a  sweep  southwards  to  the  Azores,  and  being  aided  in  its  march 
by  the  north  trade  winds,  it  rejoins  the  great  equatorial  current. 
In  conse^^uence  of  this  great  bend,  a  vast  expanse  of  water  is 
left  nearly  motionless  and  stagnant,  in  which  sea  weed,  trees, 
bodies  of  drowned  animals,  float  for  a  time,  when  they  are 
llnally  cast  upon  the  shores  of  the  Azores.  The  greatest  velo- 
city which  the  Gulf  stream  acquires,  that  of  seventy-eight  miles 
in  twenty-four  hours,  is  when  it  leaves  the  Florida  straits. 
The  rapidity  of  its  current  is  variable. 

Currents  also  flow  from  the  antarctic  and  arctic  circles.  These 
bring  with  them  icebergs.  The  arctic  brings  down  icebergs  to 
the  latitude  of  Newfoundland,  and  even  to  the  Azores.  In  these 
latitudes  they  are  melted  in  the  Gulf  stream.  In  consequence 
of  the  meeting  of  the  floating  masses  of  ice  with  the  warm 
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stream  and  warn  atmosphere,  fogs  are  generated,  whicK 
obscure  the  air  for  great  distances  around.  Another  cold  cur- 
rent from  the  Arctic  sea  flows  inside  of  the  Gulf  stream  down 
the  coast  of  North  America.  It  lowers  the  temperature  of  the 
coast.  This  effect  is  unfavorable  upon  New  England,  but 
favorable  to  the  southern  states  situated  upon  the  seaboard. 
These  great  ocean  carriers,  wherever  they  impinge  upon  the 
bottom  of  the  sea,  or  upon  a  shore,  deposit  a  part  of  their  bur- 
then. The  banks  of  Newfoundland,  St.  George's  bank,  Sable 
island,  have  been  made  by  contributions  from  the  Gulf  stream. 
While  it  distributes  these  burthens  of  matter,  it  is  also  a  great 
distributer  of  heat.  The  climate  of  Europe  and  of  the  northern 
seas  is  mitigated  by  this  great  current  carrying  a  warmer  water 
than  the  surrounding  ocean.  As  westerly  winds  prevail  upon 
the  Atlantic,  the  coast  of  New  England  receives  only  a  small 
amount  of  the  heat  of  the  Gulf  stream. 

§  17.  The  Atlantic  tidal  wave.  The  ocean,  under  the  influ- 
ence of  astronomical  forces,  is  acted  upon  in  mass,  and  its 
waters  rise  in  advancing  or  retreating  waves,  according  to  the 
position  of  the  sun  and  moon,  which  are  the  positive  agents  in 
effecting  these  movements.  By  the  rise  and  fall  of  the  wave 
the  detrital  matter  is  borne  forward  in  the  direction  of  the 
advancing  undulation.  The  great  tidal  wave  of  the  Atlantic 
moves  from  south  to  north  along  the  eastern  coast  of  the  United 
States,  impinging  upon  its  irregular  shore,  by  which  the 
inward  terminus  of  the  wave  is  retarded.  It  flows  up  the  bays 
and  harbors,  encounters  the  river  currents,  which  it  retards, 
and  in  consequence  of  which  the  heavier  portions  of  their  bur- 
dens are  deposited.  In  its  onward  progress  to  the  north  it  is 
deflected  to  the  east  by  the  subaqueous  banks.  The  easterly 
direction  is  continued  till  it  passes  the  eastern  soundings  of 
Newfoundland;  it  then  resumes  its  northerly  course.  To  the 
interposition  of  an  irregular  coast,  causing  a  retardation  of  the 
free  forward  movement  of  the  advancing  wave,  great  offshore 
and  bank  deposits  are  due;  the  latter  of  which  are  well  known 
as  the  George's  and  Newfoundland  banks.  Sable  island,  &c. 
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The  line  of  soundings  and  the  sand  deposits  lie  in  the  general 
tide  wave  which  washes  the  shore  of  the  continent,  but  which 
acquires  a  maximum  accumulation  in  the  banks  which  have 
just  been  spoken  of.  These  great  deposits  are  due  mainly  to 
conflicting  currents,  which  are  here  met  with,  particularly  the 
confluent  tide  wave  of  the  Atlantic  with  the  divergent  wave  of 
the  American  coast. 

§  18.  Local  and  specific  deposits  belong  to  the  same  agency 
as  that  producing  the  great  cumulative  masses  of  George's, 
Newfoundland  banks,  and  Sable  island,  &c.  The  tides,  as  they 
are  usually  understood,  or  as  they  are  known  to  the  conmion 
observer,  exert  a  constructive  influence  upon  the  materials  con- 
veyed to  them  by  river  currents.  The  flood  tide,  advancing 
into  a  bay,  sound,  or  estuary,  bears  onward  its  burden  as  has 
been  already  described.  It  deposits  it  along  the  shore  in  con- 
sequence of  its  conflict  with  the  bottom  and  irregular  sides  of 
the  projecting  land,  forming  thereby  a  sandy,  ridgy  border  of 
greater  or  less  extent,  according  to  the  amount  of  the  detrital 
matter  it  has  received.  The  outward  flow,  or  ebb  tide,  dis- 
tributes the  materials  in  a  more  central  track,  but  is  less  effect- 
ive than  the  flood  tide:  it  renders  the  deeper  parts  of  the  bay 
more  shoal,  as  it  partially  gathers  the  detritus  from  the  sloping 
shores  under  the  convex  crest  of  the  retiring  wave  in  the  deeper 
channels.  Aided  by  the  river  current,  detritus  and  floating 
bodies  are  moved  far  out  to  sea.  If  the  cumulative  process  were 
confined  to  the  bay  or  estuary,  the  bottoms  would  be  raised 
much  more  rapidly  than  at  present.  One  of  the  effects  of  the 
tide  wave  is  to  drive  across  the  mouths  of  the  deep  coast  indent- 
ations and  bars  of  sand.  In  process  of  time  these  bars  rise  to 
the  surface,  and  inclose  a  bay,  producing  thereby  a  lagoon, 
which  becomes  first  brackish,  and  afterwards  fresh  water.  This 
fact  has  an  important  bearing  in  geological  reasoning,  as  it  is 
in  these  reclaimed  areas  that  we  find  oceanic  or  pelagic  shells, 
estuary,  and  fresh  water,  and  land  remains  superimposed  upon 
one  another.  The  breaking  down  of  the  bar  by  powerful  waves 
may  convert  an  inland  lake  to  a  bay  of  fresh  or  salt  water. 
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ivhich  in  time  will  be  peopled  with  marine  inhabitants ,  form- 
ing a  complication  of  deposits  of  the  most  interesting  character. 

^  19.  Wind  Wave.  The  sea,  as  well  as  fresh  water  lakes, 
are  raised  into  waves  by  winds.  The  movement  of  such  waves 
will  exert  a  constructive  action  upon  the  coast  close  inshore. 
The  obvious  effect  of  wind  waves  is  to  raise  the  sandy  deposits 
in  a  ridge,  sloping  more  rapidly  upon  the  land  than  upon  the 
sea  side.  This  process  often  cuts  off  a  bay  from  the  sea,  the 
ridge  running  parallel  to  the  main  shore  from  two  projecting 
points.  On  the  land  side  there  may  be  a  lagoon  and  a  marsh, 
which  in  due  time  will  be  filled  up  by  aquative  plants  inter- 
mixed with  soil  or  sand.  The  parallel  roads  and  ridges  travers- 
ing a  countiy  in  the  axis  of  its  valleys,  are  often  wind  ridges, 
which  mark  the  former  shores  of  a  lake  or  of  an  arm  of  the  sea. 
These  may  be  hundreds  of  feet  above  the  sea  level.  They  do 
not  indicate  a  depression  of  the  ocean  level,  but  that  the  land 
has  been  raised  in  successive  stages.  Under  favorable  circum- 
stances the  wind  wave  pushes  onward  the  sand  detritus  upon 
the  land.  The  march  inland  devastates  the  soil,  and  spreads 
over  it  barrenness  and  sterility.  The  inland  sands  form  the 
dunes.  They  may  be  arrested  by  a  vegetation  which  delights 
in  an  arenaceous  soil,  such  as  the  beach  grass  (Calamagrostis 
arenaria),  or  some  of  the  species  of  pine. 

A  gentle  breath  of  wind  produces  a  ridged  surface  upon  the 
sandy  bottom.  Waves  of  great  strength  destroy  this  rippled 
surface.  The  ripple  mark  will  be  formed  in  a  vessel  of  water 
charged  with  earthy  matter.  The  slightest  agitation,  as  walk- 
ing across  the  floor,  will  be  sufficient  to  arrange  the  sediment 
like  ripple  marks  upon  a  beach.  Raised  beaches  are  often  the 
joint  effect  of  the  tidal  and  wind  wave,  especially  where  the 
direction  of  the  wind  is  constant.  The  transporting  power  of 
flood  tide  is  not  obliterated  by  strong  contrary  winds,  as  the 
north-east  winds  upon  our  coast  and  the  advancing  northerly 
tide  wave  fully  show. 

A  constructive  action  is  not  the  uniibrm  result  of  the  tide 
wave;  its  action  is  often  destructive.    Sea  bluffs  are  broken 
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down,  and  the  soil  is  washed  away,  and  carried  to  other  points 
upon  the  coast.  Portions  of  Long  island,  Martha's  Vineyard, 
are  undergoing  changes  of  this  kind.  Points  of  land  where 
fortifications  and  lighthouses  have  been  built,  have  often  been 
undermined  by  sea  action.  The  sea  encroaches  on  the  land.. 
But  the  constructive  action  has  greatly  exceeded  the  destructive 
on  our  own  coast 

§  20.  Ice  and   semifluid  ice  is   an   instnunent   of  change 
which  should  be  noticed  in  this  connection.     Water  congeals, 
and  remains  so  the  whole  of  the  year,  upon  mountains  which 
rise  above  15,000  feet  above  the  sea  under  the  equator,  and  at 
still  lower  levels  at  points  north  or  south  of  it.    In  consequence 
of  this,  there  are  vast  accumulations  of  snow  and  ice  upon  the 
tops  and  in  the  high  valleys  of  many  mountains.     These  beds 
of  snow  and  ice  are  called  glaciers.     This  ice,  as  it  approaches 
the  lower  parts  of  the  mountain,  softens,  and  becomes  movable 
upon  the  inclined  plane  upon  which  it  rests.     The  glaciers 
freeze,  however,  during  the  night,  and  become  stationary;  but 
becoming  softened,  or  partially  thawed,  during  the  day,  they 
ajrain  move  on  at  a  certain  rate.     The  middle  moves  faster 
than  the  sides.     The  glaciers  are  now  regarded  as  instruments 
of  change  upon  the  rocks  over  which  they  move.     The  position 
of  these  glaciers  is  such  that  they  receive  all  the  rocks  and 
debris  of  the  mountains  where  they  are  formed.     They  exist 
more  or  less  throughout  their  icy  beds,  and  hence  it  often  hap- 
pens that  rocks  stand  out  from  their  inferior  surfaces.     Owing 
to  this  circumstance,  the  glacier,  as  it  moves,  forces  these  rocks 
over  the  rocks  in  place  beneath:  they  are  therefore  abraded 
and  loosened,  and  the  melted  ice,  as  it  Hows  away,  is  charged 
with  mud,  which  is  merely  the  matter  worn  off  from  the  rocks. 
The  glaciers  then  work  mechanically,  and  with  great  power; 
and  thus  they  aid  in  the  process  of  leveling  the  mountains  and 
filling  up  the  valleys  at  their  base.     Glaciers,  when  they  reach 
the  sea  in  high  latitudes,  carry  directly  the  abraded  matter  to 
the  ocean.     Glaciers  in  high  latitudes  jut  over  the  sea,  and 
the  sea  edge  beini^  left  unsupported,  break  off  from  the  main 
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mass,  and  fall  into  the  ocean.  These  are  icebergs.  They  then 
drift  away,  and  are  carried  by  currents  out  to  sea,  and  often 
reach,  in  the  northern  hemisphere,  the  latitude  of  the  Azores. 
On  their  march,  they  melt  and  distribute  their  burthens  of  earth 
and  rock  over  the  ocean's  bottom.'  It  is  maintained  by  eminent 
geologists,  that  glaciers  were  formerly  far  more  extensive  than 
now,  and  hence  there  was  a  period  which  deserved  the  name  of 
glacial  period. 

§  21.  The  general  tendency  of  the  operation  of  water,  as 
described  in  the  foregoing  paragraphs,  is  to  form  accumulations 
on  the  lines  and  planes  of  flow,  or  a  little  outside  of  them; 
which,  beginning  upon  the  mountain  tops,  terminate  in  the 
broad  ocean  rivers.  The  coarsest  matter  is  left  near  the  sum- 
mits, and  the  finest  is  carried  to  the  bottoms  of  the  ocean  rivera. 
Another  belt  of  coarse  materials  is  along  the  ocean  shore  and 
margins  of  lakes.  These  materials  are  mostly  hard  and  sili- 
ceous, and  resist  change  a  long  time;  but  they  become  pebbles 
and  sand  by  attrition.  These  form  the  conglomerates.*  Farther 
out  from  land  there  is  a  mixture  of  fine  silex  and  clay;  and 
still  farther,  in  the  flow  of  ocean  rivers  and  currents  we  find 
suspended  the  finest  particles  of  carbonate  of  lime  and  alumine 
still  mixed  with  the  finest  sands.  In  this  distribution  of  mate- 
rials, we  learn  that  three  contemporaneous  deposits  may  go  on, 
the  siliceous,  the  conglomerate  and  sandstone,  the  clay  slates  and 
shales,  and  the  limestone  rocks.  As  marine  animals  and  plants 
occupy  difierent  stations,  some  living  in  shallow  and  others  in 
deep  water,  it  is  plain  that  these  rocks  which  are  being 
deposited,  will  very  likely  contain  the  remains  of  animals  of 
difierent  species,  though  of  contemporaneous  formation.  The 
nature  of  the  bottom,  too,  influences  the  law  of  distribution  of 
animals,  as  well  as  plants.  Hence,  at  the  same  depth,  and 
under  other  circumstances  which  are  equal,  a  sandy  shore  is 


*  Conglomerates  are  cemented  beds  of  pebbles  formed  in  water.  Podding 
■tones  are  cemented  pebbles  formed  above  water  upon  dry  land,  by  percolation 
of  water  holding  carbonate  of  lime  and  silez  in  solution.  So  the  travertin  and 
tnfii  are  formed  above  water. 
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peopled  with  different  species  than  the  soft  muddy  ones.     All 
these  facts  are  important  in  geological  reasoning. 

From  the  foregoing  we  may  also  learn  the  influence  of  water 
as  a  formative  agent     It  moulds  and  forms,  as  it  were,  all  the 
coarse  and  fine  materials  which  are  abraded  from  preexisting 
rocks.     It  spreads  them  out  upon  bottoms,  and  deposits  layer 
after  layer.     We  may  have  a  glimpse  also  of  the  time  required 
to  form  rocks.     Only  a  few  thin  layers,  like  paper,  are  deposited 
annually;  and  it  is  probably  a  rare  occurrence,  that  streams  are 
so  loaded  with  mud  that  living  shell  fish  are  buried  beneath  it 
§  22.  The  foregoing  details  of  the  distributive,  as  well  as 
constructive  agencies  of  river  and  oceanic  waves  and  currents, 
will  be  more  complete  by  a  relation  of  the  distribution  of  an 
animal  life  upon  the  ocean  bed.     The  profound  depths  of  the 
ocean  are  tenantless  wastes,  except  for  the  dead,  who  have  here 
found  their  resting  places,  where  no  wind  or  wave  can  move 
them,  or  bring  up  their  sacred  relics  to  light,  and  cast  them 
once  more  upon  a  troubled  shore.     Along  shore,  in  the  reach 
of  soundings,  the  waves  distribute  their  burdens  in  ridges. 
These  ridges  are  also  in  the  main  desert  lands;  but  the  valleys 
being  protected  by  the  ridges,  teem  with  activity  and  life. 
Upon  the   slopes   the   rounded  and  worn  materials   are   cast 
together  with  the  remains  of  the  exuvia  of  organic  life,  which 
have  been  cast  off.     The  deeper  valleys  are  suited  to  one  class, 
while  the  shallower  portions  are  sought  by  others.     From  shal- 
low water,  or  the  high  water  mark,  to  a  depth  of  thirty  fath- 
oms, forms  the  main  range  in  depth  of  marine    animal  life. 
Vegetable  life,  however,  rises  up  from  greater  depths.     Thus 
the  gigantic  sea  weed  of  the    Falkland  islands  rises  from  a 
depth  of  300  feet.     The  sea  bottom,  therefore,  like  the  earth's 
surface,  presents  all  the  variations  of  contour  which  are  neces- 
sary to  give  life  the  widest  exhibitions  of  form  and  character. 
The  profound  depths,  like  the  snow-tops  of  the  Andes  and 
Himalaya,  are  dreadful  wastes,  devoid  of  life;  the  one  awful 
from  its  profound  solitude,  the  other  fearful  from  the  howling 
blasts  which  sweep  their  towering  tops. 
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^  4  23.  The  coast  of  the  United  States  is  flanked  within  sound- 
ings by  an  arenaceous  deposit,  arranged  in  the  manner  already^ 
described.  The  shore  deposits  are  more  thoroughly  arenaceous 
than  the  more  distant  depths  occupied  by  the  valleys.  Here  the 
formation  is  more  muddy,  and  partakes  of  an  argillaceous 
character;  while  it  is  highly  probable  that  farther  from  land 
the  calcareous  matter  will  be  found.  The  West  Indian  archi- 
pelago may  well  be  regarded  as  the  repository  of  the  calcareous 
formations.  Here,  aided  by  the  incessant  toil  of  the  coralline 
animals,  a  limestone  bed  or  rock  is  in  the  progress  of  formation, 
equal  in  extent  to  the  Onondaga  limestone  of  New  York,  and 
like  that  abounding  in  branched  corals  and  massive  madre- 
pores, fragments  of  shells,  together  with  the  perfect  animal 
forms  which  abound  in  the  Carribean  sea.  This  formation 
becomes  the  conservatory  of  the  constructive  works  of  man,  as 
well  as  the  burial  place  of  his  remains.  Quadaloupe  has  fur- 
nished an  instance  verifying  this  assertion,  by  the  discovery  of 
a  human  skeleton  nearly  perfect  in  its  parts.  No  sea  is  so 
Fichly  freighted  with  the  remains  of  animal  life  from  the  high- 
est to  the  lowest — from  man  to  the  polyp.  An  entire  record  of 
human  life,  since  the  day  the  Carribee  set  his  foot  upon  these 
islands,  is  treasured  up  in  the  archives  of  its  deposits.  Every 
layer  is  a  leaf  bearing  the  impress  of  the  past;  and  the  medals 
strewed  profusely  upon  its  bottom  tell  of  the  strange  vicissitudes 
of  a  lost  continent,  whose  existence  is  proclaimed  by  the  crests 
of  Cuba  and  the  volcanic  peaks  of  the  lesser  Antilles. 

^  24.  The  complexity  which  is  created  in  geological  re- 
searches by  the  contemporaneous  formations,  may  well  create  a 
hesitancy  in  pronouncing  upon  the  age  of  a  given  deposit. 
Looking  upon  the  present  as  a  type  of  the  past,  we  see  in  the 
arenaceous  shores  of  America  the  exterior  muddy  deposits, 
which  may  be  regarded  as  argillaceous,  and  the  coralline  forma- 
tions far  from  its  coasts,  whose  rocky  nature  is  completed  by 
the  cementing  agency  of  calcareous  matter  in  solution  and  sus- 
pension. Three  contemporaneous  formations  of  vast  extent  and 
importance,  and  which,  being  judged  of  by  their  lithological 
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and  fossiliferous  characters,  would  be  regarded  as  formations  of 
different  eras.  Taking  it  then  as  a  type  of  the  past,  we  may 
well  doubt  the  correctness  of  many  of  the  geological  data 
which  have  formed  the  foundation  of  our  reasoning.  Tidal 
waves,  normal  oceanic  currents,  and  river  currents,  with  their 
burdens  of  detritus,  have  ever  exerted  their  powerful  agency  in 
distributing  the  waste  materials  of  continents,  and  in  construct- 
ing the  fossiliferous  mountains  of  the  globe.  Conglomerates, 
coarse  and  fine  sandstones,  if  we  regard  the  foregoing  facts, 
may  always  be  considered  as  shore  deposits,  and  argillaceous 
and  calcareous  rocks  as  pelagic  formations;  especially  may  we 
recognize  in  most  of  the  calcareous  rocks  formations  similar  to 
the  recent  beds  in  the  Pacific  and  West  Indian  islands. 

§  25.  The  systems  of  relief  of  the  North  American  continent 
are  not  as  yet  well  determined.  The  mountain  ranges,  how- 
ever, pursue  a  northerly  and  north-easterly  directions,  by  which 
it  appears  that  the  force  which  raised  the  continent  acted  in 
those  directions,  or  that  this  force  preponderated  over  all  the 
forces  acting  in  other  directions.  On  the  Atlantic  coast  it  is 
north-easterly,  or  parallel  with  the  coast  line;  on  the  Pacific 
coast  it  is  northerly,  and  parallel  with  the  Pacific  coast  line. 

Considered  as  water  sheds,  the  ranges  of  the  United  States 
^may  be  reduced  to  five:  1.  The  Appalachian,  which  is  parallel 
to  the  Atlantic  coast;  2.  The  Green  mountain  range,  which 
runs  north,  or  six  or  seven  degrees  east  of  north;  3.  The  Rocky 
Mountain  range,  which,  according  to  the  best  maps,  is  also 
directed  to  the  north;  4.  The  Pacific  coast  ranges,  which  are 
north;  5.  The  Lawrentine  range,  which  pursues  an  easterly  and 
westerly  course.  These  chains  of  mountains  are  often  flanked 
by  parallel  ones,  which  attain  at  many  points  greater  heights; 
yet  they  are  evidently  subordinate  to  them,  since  they  are  bro- 
ken through  by  the  water  courses,  and  are  not  coextensive  with 
them  in  length.  Thus  the  Taconic  range  flanks  the  Green 
mountain  on  the  west  in  western  Massachusetts  and  Vermont; 
yet  Graylock  of  the  former  rises  nearly  3600  feet  above  tide, 
and  the  latter  only  2500.     Black  mountain  flanks  the  Blue 
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ridge  in  North  Carolina:  the  former  attains  a  height  of  6200 
feet,  Tvhile  the  pinnacles  of  the  latter  are  about  5000  feet  only. 

The  slopes  of  the  water  shed  of  the  Appalachian  range  is  to 
the  southeast,  or  to  the  Atlantic,  on  the  east  side;  but  to  the 
northwest  on  the  west  side,  or  towards  the  main  trunk  of  drain- 
age, the  Ohio  river.  But  it  has  also  a  southern  slope,  by 
which  it  furnishes  a  drainage  into  the  gulf  of  Mexico. 

§  26.  The  Appalachian  range  begins  in  the  northern  part  of 
Alabama,  and  terminates  with  the  valley  of  the  Mohawk.  The 
culminating  point  is  the  Black  mountain  in  Noith  Carolina; 
and  the  culminating  ridges  extend  north  from  Black  mountain 
to  Grandfather  mountain,  by  Table  rock  in  Burke  county, 
North  Carolina.  Here  are  five  close-pressed  parallel  ridges,  of 
which  the  Blue  ridge  is  a  subordinate  to  them  all;  but  when 
traced  in  either  direction  it  becomes  the  main  and  principal 
range  of  upheaval,  and  forms  withal  the  crest  which  divides 
the  Gulf  system  of  waters  from  the  Atlantic  system.  The  Green 
mountain  range  runs  north  six  or  seven  degrees  east.  It  is 
regarded  by  President  Hitchcock  as  the  Meridional  system  pf 
Massachusetts  and  Vermont  It  begins  upon  the  Sound,  and 
extends  into  Canada  East.  The  two  principal  rivers  which 
drain  their  slopes  are  the  Hudson  and  Connecticut,  whose 
courses  are  parallel  with  each  other.  The  Taconic  range  is 
separated  by  a  well  defined  valley  from  the  Hoosic  range.  The 
latter  is  the  eastern  rim  of  the  rocks  of  the  Taconic  system,  and 
which  have  suffered  many  dislocations  since  their  deposition. 
The  fractures  are  parallel  to  the  main  range.  Igneous  injections 
are  almost  unknown  in  that  part  of  the  Taconic  system  which 
lies  north  of  the  Highlands  and  south  of  Rutland,  Vermont. 
The  Hudson  river  runs  upon  a  line  of  fracture  which  extends 
from  New  York  to  Montmorenci  in  Canada  East,  lake  Cham- 
plain  being  a  wider  and  deeper  fissure  than  that  along  which 
the  river  flows. 

The  Atlantic  slope  bordering  the  ocean  is  exceedingly  gen- 
tle, indeed:  the  country  is  nearly  flat  until  we  encounter  the 
first  low  granitic  ridge^  which  creates  a  line  of  falls  in  all  the 
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southern  rivers,  viz:  the  Rappahannock  at  Fredericksbux^, 
James  river  at  Richmond,  the  Roanoke  at  Weldon,  the  Tau  at 
Rocky  Mount,  the  Neuse  six  miles  east  of  Raleigh,  the  Cape 
Fear  near  Haywood  in  Chatham  county,  or  at  the  falls  of  the 
Buckhorn.  Above  the  falls  the  rivers  are  more  rapid,  but  their 
ascent  to  the  base  of  the  Blue  ridge  is  still  gentle,  though 
rapid  at  many  places.  At  the  base  of  the  crest  of  the  Blue 
ri«lge  their  height  above  the  ocean  rarely  exceeds  500  feet. 
From  this  point  up  the  ascent  on  the  east  side  is  exceeding 
rapid  for  five  miles.  On  the  west  side  the  slope  is  again  gen- 
tle. It  appears,  therefore,  that  the  slope  is  on  the  west  side 
towards  the  Mississippi  valley,  while  the  counter  slope  is  on 
the  east,  and  contrary  to  that  which  prevails  in  Pennsylvania 
and  New  York. 

A  remarkable  feature  in  the  Atlantic  plain,  forming  part  of 
the  eastern  slope  of  the  Appalachian  range,  is  the  country  of 
the  Pine  barrens.  These  are  sandy  plains,  undulating  like  a 
sea  bottom,  and  clothed  with  the  long-leaved  pine.  Although 
of  considerable  extent,  and  traversed  by  rivers  and  streams,  the 
sand,  though  a  marine  formation,  furnishes  no  fossils,  except 
silicified  wood,  which  is  derived  from  the  triassic  beds  of  Deep 
and  Dan  rivers.  These  monotonous  barrens  are  analogous  to 
the  prairie  lands  of  the  west.  Towards  the  north  the  Atlantic 
slope  becomes  less  sandy,  and  its  vegetation  is  in  accordance 
with  a  gradual  change  in  climate  and  soil.  To  the  south  this 
plain  extends  westward  and  southward,  and  connects  itself  with 
the  Mississippian,  by  turning  around  the  southern  points  of  the 
Appalachian  chain  in  the  north  parts  of  Georgia  and  Alabama. 

§  27.  The  Mississippi  flows  upon  a  low  ridge  or  anticlinal 
axis.  The  country  westward  swells  and  rises  gently,  and 
finally  attains,  at  the  base  of  the  Rocky  mountains,  an  eleva- 
tion of  about  5000  feet  at  the  South  pass.  A  pass  lower  by 
2000  feet  has  been  discovered  by  Governor  Stephens.  The 
culminating  points  of  the  Rocky  mountains  are  near  Fremont's 
peak  and  the  three  Tetons,  as  here  the  Colorado,  the  Missouri, 
and  the  Columbia  take  their  origin.     The  Rocky  mountains 
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are  belted  by  a  sandy  desert  some  400  or  500  miles  wide,  which 
is  prolonged  northward  to  the  mouth  of  the  McKenzie  river,  a 
distance  of  1500  miles. 

The  coast  range  of  the  Pacific,  and  the  Sierra  Nevada,  are 
parallel  chains,  and  separated  by  the  valley  of  San  Joachim 
and  San  Francisco.  These  ranges,  prolonged  into  Oregon,  are 
succeeded  by  the  Cascade  mountains.  These  three  ranges  fre- 
quently rise  above  the  line  of  perpetual  snow.  The  outer  range 
is  only  380  miles  from  the  Pacific  ocean.  Considered  as  cx)nti- 
nental  ranges,  their  slope  is  towards  the  Atlantic,  and  the 
counter  slope  to  the  Pacific.  They  are  in  the  ratio  of  two  to 
one.  The  great  valley  and  its  slopes  drained  by  the  Missis- 
sippi, and  its  thirty-four  navigable  rivers,  contain  an  area  of 
3,245,000  square  miles.  The  Mississippi  trunk  is  navigable  to 
the  falls  of  St.  Anthony,  and  the  Missouri  high  up  the  waters 
of  the  Yellow  Stone. 

§  28.  The  Lawrentine  chain  is  comparatively  low,  not  ex- 
ceeding 2500  feet.  It  is  but  little  known.  It  divides  the 
waters  of  the  St  Lawrence,  ♦he  Mississippi,  and  the  rivers  of 
the  British  territories.  The  chain  varies  but  a  few  degrees 
from  east  to  west. 

A  small  mountainous  tract  lies  north  of  the  Mohawk,  between 
the  St  Lawrence  and  Lake  Champlain.  The  four  distinct 
ranges  by  which  this  tract  is  traversed  are  parallel  with  each 
other.  Their  axes  are  directed  to  the  north-east.  The  main 
chain  rises  at  Little  Falls,  and  pursuing  a  north-east  course, 
terminates  abruptly  at  Trembleau  point  on  lake  Champlain. 
The  culminating  point  of  this  range  is  mount  Marcy.  This 
mountain  is  the  center  of  the  Adirondack  group,  and  rises  to 
the  height  of  5467  feet.  From  this  group  the  drainage  is  com- 
posed of  the  Ausable,  Saranac,  Racket,  Black,  and  the  branches 
of  the  Hudson  river.  The  lakes  situated  upon  the  table  land, 
and  from  which  these  rivers  rise,  are  from  1500  to  1800  feet. 
This  level  is  about  the  same  as  that  of  Connecticut  lake,  and 
not  greatly  inferior  to  the  lakes  which  give  origin  to  the  Mis- 
sissippi. 
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How  do  we  know  that  the  present  valleys  and  mountains 
were  not  coeval  with  the  foundations  of  the  earth,  or  that  many 
of  them  have  been  formed  since  it  was  inhabited?    This  fact  is 
determined,  like  all  other  facts,  by  observation.    Though  we 
do  not  witness  their  formation,  still  our  observations  are  not 
the  less  certain  and  true.     We  learn  first  what  rocks  compose 
the  mountain  and  its  valley — the  arrangements  of  their  strata, 
and  the  relative  position  of  the  principal   and  subordinate 
masses.     We  examine  its  cliffs,  its  fractures,  and  veins.     With 
equal  care  we  examine  the  valley,  and  compare  its  formations 
with  those  of  the  mountain.     We  find  they  agree.     If  a  traveler 
should  find  by  the  roadside  the  parts  of  a  broken  walking 
stick,  how  would  he  know  that  they  were  parts  of  one  stick? 
He  would  find  that  the  pieces  were  the  same  kind  of  wood,  that 
they  were  colored  and  polished  alike,  and  that  the  ends  of  the 
fractured  parts  fitted  each  other.     So,  in  the  same  way,  the 
strata  of  the  mountain  are  the  same  as  the  valley,  and  the  frac- 
tured ends,  if  brought  together,  would  fit  each  other.    But  the 
cliffs  are  a  thousand  feet  above  the  valley,  and  their  present 
position  is  incompatible  with  the  mode  of  formation  of  all  sedi- 
mentary rocks.      They  are  not  in  the   position   required  by 
sediments,  hence  a  part  has  been  broken  from  the  mass  and 
elevated,  and  now  forms  the  mountain  mass,  while  parts  of  it 
still  form  the  valley  below;  and  the  rocks  themselves  still 
retain  the  marks  of  the  operating  force  in  their  curved  and  con- 
torted beds.     They  too  are  the  repositories  of  fossil  remains  of 
the  same  kinds.     Long  since  the  time  they  formed  the  ocean 
bed,  they  were  raised  from  the  depth  of  the  Rea,  and  their  frac- 
tures and  dislocations  attest  the  action  of  forces  which  elevated 
them  to  the  positions  they  now  occupy. 

§  29.  River  systems.  The  machiner}'  by  which  the  earth  is 
watered  is  extremely  simple.  The  atmosphere,  set  in  motion 
by  heat,  is  the  carrier,  and  mountains  and  hills  the  condensers 
of  moisture.  The  rivers  receive  their  supply  of  water  from  an 
infinitude  of  streams  flowing  from  the  sides  of  mountain  chains. 
The  simple  process  of 'condensation  of  the  moisture  of  clouds 
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and  winds  keeps  a  perpetual  flow  from  the  mountain  to  the  sea; 
and  the  wind  current,  in  passing  over  the  ocean,  loads  itself 
with  vapor,  which  is  ready  to  fall  in  mist  and  rain  upon  sur- 
faces cooler  than  itself. 

In  these  simple  facts  we  find  an  explanation  of  the  origin  of 
the  river  systems  of  this  country,  and  of  all  countries.  The 
Appalachian,  the  Rocky  Mountain,  and  Pacific  Coast  chains, 
with  their  numerous  spurs  and  branches  stretching  from  the 
Gulf  to  the  British  possessions,  form  an  immense  condensing 
surface,  sufficient  to  irrigate  and  fertilize  3,000,000  of  square 
miles.  It  is  a  singular  fact,  that  the  United  States  is  watered 
by  rivers  which  rise  in  its  own  borders.  The  crest  of  the  great 
water  shed  dividing  the  river  systems  which  flow  to  the  north 
and  south,  formed  by  the  Lawrentine  chain,  rises  not  far  from 
the  boundary  between  the  British  and  American  territories. 
The  rivers  of  the  Atlantic  slope  are  short,  and  comparatively 
small.  The  Potomac,  the  Delaware,  and  Susquehannah  spread 
out  into  wide  and  deep  bays.  This  results  from  the  porous 
nature  of  the  tertiary  deposits  which  belt  the  coast.  The  Hud- 
son and  other  northern  rivers  are  rock-bound,  and  hence  their 
bays  are  narrow  and  inconsiderable.  The  tide  flows  up  the 
Hudson  160  miles  from  the  ocean.  It  cuts  the  primitive  rocks 
of  the  Highlands  and  some  of  its  branches,  and  flows  over  the 
lower  Silurian  formation  beyond. 

The  M ississippian  is  the  great  river  system  of  the  United 
States.  It  is  second  only  to  the  Amazonian.  The  Missouri  is 
the  great  trunk  of  this  system.  It  rises  high  up  in  the  Rocky 
Mountain  chain.  The  innumerable  streams  draining  the  eastern 
slope,  converge  and  form  four  great  rivers,  which,  imiting  in  the 
distant  plain,  form  the  Missouri.  This  unites  with  the  Missis- 
sippi twenty-five  miles  above  St.  Louis.  Measuring  its  wind- 
ings, it  has  already  reached  a  point  1500  miles  from  its  source, 
and  its  journey  is  only  half  finished.  Its  current  is  rapid,  and 
it  carries  mud  and  sand,  derived  from  the  soft  cretaceous  and 
tertiary  formation  through  which  it  has  flowed.  A  particle  of 
water,  starting  from  the  steep  sides  of  the  Rocky  mountains, 
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reaches  St.  Louis  in  about  twenty-five  days.  But  the  most 
interesting  fact  which  the  Mississippian  current  reveals  to  us 
is  contained  in  the  sediment.  The  last  resting  place  of  this 
/  matter  was  in  a  cretaceous  sea.  Where  they  then  came  from, 
and  how  many  transportations  they  had  undergone,  will  never 
be  revealed.  In  our  geological  reasoning  they  are  destined  to 
form  the  most  modern  deposits.  They  have  undoubtedly  passed 
through  all  the  historical  periods  since  aqueous  deposits  began 
to  be  formed.  The  particles  are  as  old  as  the  foundations  of 
the  earth,  but  the  formations  of  which  they  are  destined  to  form 
a  part,  are  becoming  the  newest.  They  have  been  associated 
with  the  oldest  organic  beings,  but  they  are  now  brought  in 
contact  with  the  most  recent — with  the  people  of  the  present 
age.  The  recent  is  made  of  particles  derived  from  every  known 
period.  The  water  of  the  Mississippi  is  clear  compared  with 
the  Missouri.  Above  its  confluence  with  the  latter  it  has  a  long 
and  gentle  descent.  But  its  progress,  in  one  respect,  differs 
from  that  of  the  Missouri:  it  passes  through  many  lakes,  a  fact 
which  is  unknown  upon  the  course  of  the  latter  river. 

The  Mississippian  system,  unlike  the  Atlantic  system  of  drain- 
age, has  two  slopes,  an  eastern  and  western.  The  former, 
however,  has  more  than  twice  the  area  of  the  latter.  They 
unite,  and  form  the  basin  of  the  Mississippi. 

Above  New  Orleans,  where  all  the  great  trunks  of  this  sys- 
tem of  waters  flow  in  one  channel,  the  quantity  of  water  is 
immense.  According  to  the  most  reliable  calculations  relative 
to  the  quantity  which  this  river  discharges  into  the  ocean  annu- 
ally, it  amounts  to  14,883,360,636,880  cubic  feet.  The  amount 
of  sediment  transported  to  the  ocean  by  the  Mississippi  is 
28,188,083,892  cubic  feet.  This  sediment  is  sufficient  to  form 
an  annual  deposit  one  mile  square,  and  1000  feet  thick.  As 
the  delta  of  this  river  contains  13,000  square  miles,  and  as  the 
sediments  of  the  delta  are  at  least  1056  feet  thick,  it  is  evident 
that  the  time  required  to  accumulate  so  much  material  must 
have  been  greatly  protracted.  Fourteen  thousand  years  has 
been  stated  as  the  result  of  the  best  observation  which  has  hitfa- 
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erto  been  made.  But  the  finest  of  the  sediment  probably  passes 
over  the  river  bar,  and  may  be  carried  far  from  the  delta  by 
oceanic  currents.  The  actual  time,  then,  consumed  in  the 
formation  of  the  delta  is  greater  than  the  calculated. 

What  takes  place  by  the  instrumentality  of  the  Mississippi, 
takes  place  in  the  same  mode  by  all  rivers.  As  the  winds  are 
the  carriers  of  water,  so  the  rivers  are  the  carriers  of  sedi- 
ments. By  the  combined  machinery  of  wind  and  water  all  the 
sedimentary  rocks  are  formed.  Water,  acting  upon  these 
plastic  materials,  spreads  them  evenly  upon  deltas  and  over 
wide  areas  upon  the  ocean's  bottom.  Here,  subjected  to  a  great 
pressure,  they  become  consolidated  into  rock. 

§  30.  WindSy  as  the  dutributive  agents  of  heat  and  moisture. 
The  geological  agency  of  the  wind  is  modified  by  its  direction. 
The  trade  wind  of  the  Gulf  furnishes  a  supply  of  water  for 
the  western  slope  of  the  Appalachian  chain,  and  the  northeast 
wind  of  the  Atlantic  brings  a  supply  for  the  New  £ngland  and 
Middle  states.  The  mountains  of  Oregon  condense  the  moisture 
of  the  northwest  winds  which  have  passed  over  the  Pacific. 
To  the  Eastern  states  the  same  wind  is  dry  and  cold,  having 
been  robbed  of  its  moisture,  as  well  as  cooled,  by  the  highlands 
over  which  it  has  passed.  A  continent  is  indebted  to  the 
agency  of  winds  for  the  supply  of  water,  both  for  its  vegeta- 
tion and  that  which  is  required  to  feed  its  rivers  and  streams. 
They  dry  the  earth's  surface  when  wet  Sixty  per  cent  of  the 
rain  which  falls  in  the  valley  of  the  Ohio,  is  restored  directly 
to  the  atmosphere,  or  is  taken  up  by  vegetables.  The  south- 
western winds  are  warm  and  damp  from  having  passed  over  the 
Mexican  gulf.  This  great  body  of  water  is  of  the  utmost 
importance  to  the  well  being  of  the  Appalachian  slopes  and 
valleys,  imparting  moisture  and  a  subdued  temperature  where 
in  its  absence  it  would  be  dry  and  hot 

§  31.  The  earth's  surface  is  acted  upon  mainly,  as  I  have 
already  stated,  by  two  distinct  and  diverse  agencies,  fire  and 
water:  the  former,  by  its  well  known  properties,  which  are 
manifested  in  the  simple  expansion  and  fusion  of  matter;  the 
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latter,  by  its  transporting  power,  and  by  the  aid  of  frosts  in 
breaking  up  the  strata  and  disintegrating  the  exposed  surfaces. 
The  entire  operation  may  be  summed  up  in  two  processes,  one 
of  which  degrades  the  more  elevated  parts  of  the  earth's  sur- 
face, and  the  other  fills  up  the  depressed  portions.  Fire  or  heat 
operates  in  four  ways:  1.  In  the  elevation  of  areas  by  the 
application  of  expansive  forces  beneath  the  earth's  crust,  by. 
which  it  is  raised  up  in  mass.  2.  By  the  transference  of 
fused  matter  from  the  interior  to  the  surface,  and  which  it 
overflows,  and  thereby  makes  an  additional  thickness  to  the 
visible  strata.  The  addition  being  transferred  from  the  interior 
to  the  exterior,  may  be  in  the  form  of  melted  matter,  semifluid 
matter,  or  in  the  form  of  mud,  or  in  pulverulent  matter,  in  the 
condition  of  ashes  and  semifused  mass  ejected  from  the  craters 
of  volcanoes.  3.  In  consequence  of  the  loss  of  matter  thus 
thrown  out  from  the  interior,  areas  of  subsidence  are  formed, 
and  the  superficial  strata  are  engulfed  suddenly,  or  else  slowly 
subside  and  sink  below  their  former  levels.  4.  Areas  are  ele- 
vated or  depressed  by  the  simple  expansion  of  strata  by  heat 
and  their  contraction  by  cold. 

The  force  generated  by  heat  is  proportionate  to  its  intensity. 
It  pervades,  in  a  limited  degree,  the  zones  of  rock  immediately 
beneath  the  earth's  surface.  This  is  proved  by  its  increase 
downward  from  the  limit  of  solar  influence,  which  is  a  point  of 
no  variation  for  the  year.  The  ratio  of  increase  for  this  country 
is  one  degree  of  Fahrenheit  for  every  fifty-five  or  sixty  feet,  and 
for  Europe  one  degree  for  every  forty-five  or  fifty  feet.  •  These 
facts  point  to  a  source  of  heat  in  the  earth's  interior.  This 
view  is  supported  by  the  overflow  of  immense  quantities  of 
incandescent  and  melted  matter  from  volcanic  vents.  Like  all 
other  bodies,  rocks  are  expanded  by  heat  and  contracted  by 
cold,  and  these  changes  in  volume  are  connected  both  with 
changes  of  level  in  the  earth's  crust  and  in  its  disruption,  or 
the  forcible  separation  of  continuous  strata,  and  the  formation 
of  intervening  fissures.  In  the  simple  expansion  of  rocks 
by  heat,  and  their  subsequent  contraction  by  cold,  we  have  an 
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element  which  is  competent  to  explain  many  phenomena  con- 
nected with  changes  of  the  earth's  crust 

Rocks  are  fused  in  the  interior  of  the  earth's  crust,  and  in 
that  state  may  rise  to  the  surface.  The  fused  rock  often  over- 
flows the  brim  of  craters,  and  flowing  down  the  mountain  sides, 
breaks  and  vitrifies  the  rocks  over  which  it  flows,  and  fills  the 
hollows  in  its  line  of  march.  So,  also,  fused  matter  may  rise 
in  the  fissure  formed  by  disruption,  and  after  reaching  the  sur- 
face flow  like  a  lava  current  over  its  edge,  or  force  itself 
between  the  layers  of  a  sedimentary  rock. 

Internal  heat  must  be  regarded  as  an  arrangement  which 
conduces  to  the  well  being  of  the  earth's  inhabitants.  It  no 
doubt  ameliorates  the  cold,  and  sustains  that  degree  of  tempera- 
ture which  is  best  fitted  to  the  organic  and  structural  conditions 
of  living  beings. 

§  32.  Time  •  is  an  element  in  geological  dynamics.  It  is 
measured  by  forces  whose  operations  we  may  witness.  In  the 
estimation  of  time  we  follow  two  methods,  the  results  of  which 
agree.  The  first  method,  we  estimate  the  rate  at  which  deposits 
accumulate  in  the  present  seas.'  The  measuring  line  which  we 
thus  obtain  is  applied  to  the  past.  The  second  method  is  the 
reverse  of  the  first.  We  estimate  the  amount  of  matter  in  the 
sedimentary  rocks  of  all  periods.  This  matter  is  composed  of  the 
waste  of  former  continents  and  former  moimtain  ranges.  The 
sediments  of  each  period  are  immense;  and  immense  as  our  pre- 
sent moimtain  systems  may  be,  still  the  sediments  and  wastes 
which  have  accumulated  since  animals  and  plants  have  lived,  are 
sufficient  to  compose  many  such  mountain  systems  as  now  exist. 
Life  materially  aids  us  in  making  our  computations.  It  deter- 
mines the  slow  rate  of  the  accumulations  of  which  we  have  spo- 
ken. We  are  not  to  presume  that  the  Prime  Mover,  the  great 
Efficient  Cause,  has  hastened  events  because  he  has  the  power. 
Events  are  preceded  by  preparatory  steps,  and  time  and  events 
develop  themselves  in  stages  and  periods.  Like  the  planets  in 
their  orbits,  they  may  be  accelerated  in  motion  for  a  moment,  and 
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the  forces  may  act  more  intensely  as  they  pass  disturbing  bodies, 
still  the  sum  of  the  results  in  long  periods  are  the  sanie. 

In  geology  time  is  only  relatire.  It  can  not  be  absolute,  or 
at  least  absolute  time  can  be  reckoned  only  for  those  changes 
which  have  taken  place  in  the  historical  period.  But  absolute 
time  is  diminutive  compared  with  relative  or  geologic  time. 
^  §  33.  It  has  been  shown  that  sediments  of  the  same  age 
occupy  positions  which  are  determined  in  part  by  their  size 
and  weight,  or  the  form  of  their  particles.  The  large  and 
heavy  particles  are  deposited  early,  while  the  fine  are  trans- 
ported far  out  in  the  ocean.  The  sediments  are  distinguishable 
by  the  forms  of  their  particles,  their  peculiar  arrangement,  or 
by  the  presence  of  fossils.  Attrition  rounds  the  salient  angles, 
though  it  often  happens  that  particles  are  consolidated  while 
they  are  still  angular.  They  have  a  foliated  arrangement, 
being  superimposed  upon  one  another.  This  foliation  has 
received  the  technical  name  of  stratification.  Stratification 
is  manifested  by  folia  of  different  kinds  of  matter,  as  sand, 
mica,  and  talc,  or  by  folia  of  different  colors.  An  amorphous 
mass  of  materials,  as  cart  loads  of  sand,  gravel,  and  stones, 
become  stratified  by  the  percolation  of  water  when  thrown 
down  into  heaps.  Lamination  closely  resembles  stratification: 
it  is  the  separation  of  a  mass  into  thick  or  thin  layers  by  an 
imperfect  or  unfinished  crystalization.  Gneiss,  mica  slate,  and 
talcose  slate,  are  examples  of  lamination.  Where  the  planes  of 
separation  are  indistinct,  the  term  sublaminated  may  be  em- 
ployed. It  is  proper  to  distinguish  these  two  forms  of  the 
separation  of  the  parts  of  rocks.  The  lamination  of  gneiss, 
mica  slate,  &c.,  can  not  be  regarded  as  a  true  stratification,  as 
the  arrangement  of  their  parts  is  not  due  to  the  same  causes. 
There  is  no  evidence  that  the  mica  or  feldspar  planes  in  gneiss, 
or  the  mica  and  quartz  planes  in  mica  slate,  were  the  result  of 
a  sedimentary  process.  Where  heat  has  been  sufficiently  power- 
ful to  fuse  pebbles,  it  must  also  perfectly  destroy  the  stratifi- 
cation, and  the  present  so-called  stratification  of  gneiss  must  be 
due  to  the  heat  and  fusion  the  mass  has  suffered.     I  would 
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therefore  prefer  the  adoption  of  the  term  lamination  to  be 
applied  to  the  rocks  designated,  rather  than  to  continue  and 
extend  the  use  of  the  term  stratiJiceUion.  I  would  restrict  this 
to  sediments,  or  transported  matter,  which  have  been  subjected 
to  the  action  of  water. 

§  34.  We  may  observe  frequently  a  condition  in  massive  and 
stratified  rocks  which  is  not  due  to  the  conditions  which  existed 
at  the  time  of  their  formation.  In  granite,  for  instance,  where 
it  is  exposed  to  disintegrating  agencies,  there  may  be  observed 
a  separation  of  its  mass  into  laminae,  or  into  thick  tabular 
masses,  simulating  a  laminated  rock.  When  this  condition  is 
examined  it  may  be  referred  to  a  molecular  force,  or  to  a  con- 
cretionary movement  of  its  particles.  The  separation  takes 
place  in  parallel  planes,  but  they  are  usually  curvilinear. 
Sedimentary  rocks  undergo  changes  from  the  operation  of  the 
same  forces;  the  original  planes  of  stratification  are  obliterated 
and  the  new  planes  which  are  formed  are  concentric,  and 
arranged  around  a  nucleus.  Another  change  takes  place  in 
rocks  whose  particles  are  bathed  in  water.  Clays,  and  clay 
slates,  and  limestones  of  all  ages,  contain  rounded  masses  which 
are  known  as  septaria,  clay  stones,  or  concretions,  nodules,  &c. 
This  is  a  most  interesting  change.  These  bodies  may  be  either 
purely  siliceous,  or  they  may  be  calcareo-aluminous.  The  sili- 
ceous concretions  are  abundant  in  the  carboniferous  limestones 
of  Missouri  near  St  Louis:  the  flint  nodules  and  layers  in 
chalk  is  another  example  of  the  kind.  The  slates  furnish  the 
calcareo-aluminous  bodies,  which  in  clays  are  known  as  clay- 
stones.  They  are  abundant  in  most  clay  beds  or  marls  of  all 
ages;  and  those  of  the  slates  which  are  known  as  septaria, 
differing  from  the  former  by  their  septs,  are  formed  of  crystal- 
line limestone,  baiytes  or  strontian.  We  are  obliged  in  all 
these  instances  to  recognize  a  force,  by  virtue  of  which  the 
molecules  are  really  transferred  to  central  points,  where,  by 
constant  accumulation,  they  form  a  nodule,  or  septaria,  or  con- 
cretion. This  force  is  operative  at  all  times,  and  upon  all 
rocks.    Molecules  are  never  at  rest  until  they  have  acquired  a 


40  .     AMBRICAN   GEOLOGY. 

symmetrical  arrangement.  Concretions  and  nodules  are  sym- 
metrical bodies.  The  parallel  planes  of  the  rhombic  forms  so 
common  in  limestones  and  slaty  rocks  are  due  to  this  force«  The 
jointed  structure  admits  of  the  same  explanation. 

§  35.  Composition  of  the  earth* s  crust.  The  mineral  king- 
dom is  composed  of  a  large  number  of  distinct  species  of  sub- 
stances,  the  knowledge  of  which  is  highly  important.  The 
composition,  however,  of  the  rocks  or  masses  is  represented  by 
an  extremely  small  number  of  simple  minerals,  which  are 
repeated  over  and  over  again  in  the  layers  of  the  rocks.  The 
rocks  are  either  mechanical  mixtures  of  a  few  simple  minerals, 
or  they  are  made  up  of  a  single  simple  or  homogenous  mineral 
by  itself.  Granite,  gneiss,  sandstones,  and  conglomerates,  are 
examples  of  the  former;  and  limestone,  gjrpsum,  serpentine, 
and  hornblende,  of  the  latter.  The  elementary  bodies  ^are 
extremely  rare  in  nature,  or  in  the  mineral  kingdom.  Sulphur 
is  common  in  volcanic  districts,  but  is  a  product  of  decomposi- 
tion. Carbon,  nearly  pure,  exists  under  the  form  of  anthracite. 
The  metals,  gold,  silver,  copper,  and  mercury,  may  be  said  to 
be  of  frequent  occurrence,  but  can  not  be  claimed  as  component 
parts  of  the  masses  geologically  considered. 

The  minerals  which  predominate  in  the  earth's  crust  are  the 
siliceous,  aluminous,  and  calcareous.  Silica,  as  a  constituent 
part  of  the  rocks,  occurs  under  two  forms:  the  first  and  most 
obvious  and  common  is  quartz,  as  it  exists  in  flint,  white  sand, 
or  an  aggregation  of  sand  in  the  form  and  condition  of  sand- 
stone; the  second  is  an  acid,  and  is  combined  with  one  or 
more  bases,  and  forms  those  bodies  which  are  called  silicates: 
feldspar,  hornblende,  mica,  and  pyroxene  are  examples.  Some 
rocks  contain  examples  of  both  forms,  as  granite,  where  it  is 
in  the  first  form  as  particles  of  quartz,  and  in  the  second  as 
silicates  in  the  feldspar  and  mica.  The  aluminous  minerals  are 
represented  by  common  clay,  as  it  everywhere  occurs,  or  by 
slates  which  are  consolidated  by  pressure,  or  baked  clay  still 
more  consolidated  and  changed  by  heat.  These  examples, 
however,  are  not  those  of  pure  alumine;  they  are  mixtures  of 
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silicates  and  of  fine  and  impalpable  sands.    Their  purity  or 
approach  to  alumine  is  indicated  by  their  whiteness. 

Limestone  is  composed  of  carbonic  acid  and  lime.  As  mar- 
ble, it  is  nearly  pure.  When  acid  is  poured  on  limestone  it 
effervesces  or  boils  by  the  escape  of  carbonic  acid.  Lime  is 
also  found  combined  with  sulphuric  acid,  when  it  forms  gyp- 
sum. It  may  be  distinguished  from  the  carbonate  by  its  soft- 
ness, its  fusibility,  and  the  absence  of  effervescence  in  the  pre- 
sence of  acids. 

The  sediments  are  mixtures  of  the  silicates,  sand  or  quartz, 
in  fine  or  coarse  grains,  pebbles,  clays,  sandy  clays,  limestones, 
or  sandy  and  aluminous  limestones.  These  mixtures,  however, 
never  form  chronological  successions;  neither  do  they  occur  in 
modes  or  ways  by  which  their  lithological  properties  may  be 
used  as  characteristics  of  age  or  place.  To  say  that  a  rock  is 
limestone,  sandstone,  or  slate,  conveys  no  idea  of  its  place.  It 
is  a  mineralogical  fact  which  has  some  importance. 

Among  the  chemical  and  mechanical  mixtures  iron  is  rarely 
absent  Its  presence  is  usually  indicated  by  red  and  brown 
colors,  which  it  imparts  to  the  mixtures  containing  it.  The 
red  and  brown  sandstones  are  stained  with  it.  Of  the  simple 
bodies,  however,  oxygen  must  be  regarded  as  the  most  general, 
and  most  widely  diffused  in  the  mineral  kingdom.  In  a  state 
of  purity  it  is  aeriform.  Its  properties  are  better  known  to  us 
in  its  mixture  with  nitrogen,  forming  the  atmosphere.  Very 
few  substances  are  known  which  do  not  contain  it.  The  iron 
which  has  just  been  referred  to,  is  a  compound  of  iron  and  oxy- 
gen, or  it  is  an  oxide  of  iron.  Sulphuric  acid,  which  forms  a 
part  of  gypsum,  is  a  combination  of  sulphur  and  oxygen;  and 
carbonic  acid  a  combination  of  pure  carbon  and  oxygen;  quartz 
or  flint  is  silicon  and  oxygen;  and  quick  lime  is  calcium  and 
oxygen. 

§  36.  It  is  a  point  upon  which  all  geologists  agree,  that  the 

earth's  crust  is  composed  of  rocks  which  have  been  formed  at 

different  periods.     Both  the  rocks  and  periods  being  numerous, 

it  is  important  thejr  should  be  arranged  into  groups  or  classes, 

6 
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according  to  characteristics  which  belong  and  are  common  to 
each  of  the  respective  groups  or  classes.  Attempts  were  made 
at  an  early  day  to  construct  such  an  arrangement  of  rocks  as 
would  meet  the  ends  in  view.  These  attempts  embody  the 
views  of  the  prevailing  systems  of  geology,  and  the  nomencla- 
ture employed  to  express  the  generalizations  of  the  authors 
have  been  found  both  defective,  as  well  as  expressive  of  funda* 
mental  errors.  The  more  recent  attempts  of  classifiers  have 
been  confined  mainly  to  the  use  of  terms  which  express  facts. 
The  rejection  of  the  terms  primitive^  transition^  and  secondary^ 
and  perhaps  tertiary  ^  seems  to  be  acceded  to  on  the  ground 
that  they  express  a  theory  which  is  imtenable  in  the  light  of 
modern  discoveries;  although  the  names  might  continue  to  be 
employed  without  endangering  the  interests  of  the  science,  pro- 
vided those  names  were  used  simply  as  names,  without  regard  to 
the  theoretical  views  of  the  authors  who  first  used  them.  It  is 
an  interesting  fact,  that  the  terms  transition,  secondary,  and 
tertiary,  the  three  periods  to  which  they  have  been  applied, 
stand  forth  the  prominent  triads  of  geologic  time.  It  is  no  less 
certain  that  primitive  or  primary  express  also  truly  in  the  main 
the  fact  they  were  originally  designed  to  convey.  The  nomen- 
clatures of  all  the  schemes  of  arrangement  are  objectionable, 
inasmuch  as  they  are  not  consistent  with  the  demands  of  science* 
The  slight  modifications  which  I  have  proposed  in  nomenclature 
it  is  hoped  will  not  be  regarded  as  an  unwarrantable  innovation, 
as  they  are  the  expression  of  admitted  facts.  Still  there  is  a 
want  of  imity  in  the  names,  which  may  be  corrected  hereafter 
as  discoveries  are  made.  The  s}'stems  into  which  the  hydro- 
plastic  rocks  are  divided  are  arranged  chronologically,  but  the 
names  which  have  been  given  to  these  systems  are  by  no  means 
chronological.  But  by  dividing  these  systems  into  three 
groups,  we  may  express  approximately  their  chronology  in  the 
terms  palaeozoic,  mesozoic,  and  kainozoic.  At  present  the 
most  fashionable,  and  perhaps  too  the  most  uselul  names  of 
systems,  are  taken  from  localities  where  those  systems  are  well 
developed,  of  which  we  have  an  eminent  example  in  the  word 
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III.  Htdboplaotic,  . . . 


silurum.    So  long  as  this  name  for  a  system  of  rocks  is 
retained,  so  long  will  its  example  find  imitators. 

CLASSIFICATION. 

mnXtML 

Alluvial  and  drift, 
Pleistocene, 
c.  JEJsfnojrotc, . .  •  Pliocene, 

Melocene, 

{Eocene. 
Cretaceous, 
Lias  and  Oolite, 
Trias. 
f  Permian, 
Carboniferous, 
Devonian, 
Silurian, 
Taconic. 

n.  PTBOPLAsnc. \      ^,„^.     I  G^Sline,  Porphyry, 

a.  Sub  martneA  g^^^^  ^^^      ^      ^* 

I  Gneiss,  Mica,  Slate,  Hornblende, 

h    T^mti^^atrnd    ,      Talcose  Slate,  4«. 

b.  I^minatid,.'  Laminated  Limistone, 

Laminated  Serpentine. 
Granite  Sienite, 


I.  PTBOClTBTALLIine, 


a.  Jfiujtve, 


Hvpenthene  Rock,   Pyrocrystal- 

line,  Limestone, 
Serpentine,  Rensselaerite, 
Octahedral  Iron  Ore. 


In  the  foregoing  arrangement,  the  rocks  which  have  been 
called  nutamorphic  and  azoic  by  several  eminent  writero,  have 
not  been  recognized  as  classes,  or  even  as  subdiyisions  of  sec- 
tions, inasmuch  as  they  can  have  no  special   peculiarities 
which  make  them  applicable  for  such  purposes.     Metamor- 
phism  occurs,  or  may  occur,  in  aU  the  series  of  rocks  from  the 
earliest  to  the  latest  sediments.    It  is  true,  the  term  meta- 
morphic  has  been  confined  to  gneiss,  mica  slate,  hornblende, 
talcose  slate,  &c.;   but  its  use  is  theoretical,  and  was  thus 
applied  on  the  hjrpothesis  that  those  rocks  are  altered  sedi* 
meats,  of  which  there  is  no  evidence.    The  term  azoic  is  still 
more  objectionable:  it  presupposes  that  our  observations  have 
made  certain  that  which  from  the  nature  of  our  evidence  must 
ever  remain  doubtfiil.    There  is  no  doubt  but  that  granite, 
gneiss,  mica  slate,  &c.,  are  azoic,  but  no  one  would  think  it 
proper  to  apply  it  to  those  rocks. 
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^  37.  Structure  of  the  masnve  pyrocryttaUvM  rockt.  The 
peculiar  mode  in  wliicb  these  rocks  became  consolidated  iiir> 
nishes  a  clue  to  their  essential  structure.  This  is  crystalline. 
They  are  cot  only  composed  of  crystallized  minerals,  but  they 
aie  ciystalline  in  the  mass.  This  statement  is  sustained  t^  the 
fact  that,  in  the  quarry  where  large  masses  are  raised,  they 
split  readily  in  certain  directions:  it  is  in  fact  a  cleavage  simi- 
lar in  form  to  that  of  a  simple  mineral.  These  directions  or 
joints  of  cleavage  are  developed  by  the  disintegration  of  the 
rock  by  atmospheric  causes,  the  action  being  always  more  per- 
ceptible in  the  direction  of  the  cleavage  planes;  they  appear 
to  separate  spontaneously,  and  to  extend  deeply  into  the  rock. 
The  rock  in  this  condition  shows  all  the  directions  in  which 
it  may  be  split.    The  annexed   cut   (fig.    1)  illustrates   the 


appearance  of  a  mass  undergoing  the  changes  alluded  to,  and 
by  which  it  IS  separated  into  angular  parts  This  result  is  not 
to  be  regarded  as  a  lamination,  masmuch  as  laminalion  is  the 
result  of  the  arrangement  of  different  minerals  in  parallel  planes; 
and  the  readj  splitting  in  the  direction  of  those  planes  is  due 
to  the  diminished  cohesion  between  two  different  minerals  in 
part,  and  in  part,  also,  to  diminished  cohesion  which  always 
exists  between  the  broad  planes  of  crystals.  The  separation 
of  the  folia  of  mica  or  talc  through  their  broader  planes  illus- 
trates this  fact. 
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§  38.  k^ge  of  pyrocrystalline  rocks.  The  consolidation  of 
the  earth's  crust  resulted  in  the  production  of  the  pyrocrystal- 
line  rocks.  If  any  part  of  the  cooled  pellicle  thus  formed 
remains,  that  would  be  the  oldest  rock.  A  pellicle  must  have 
been  ultimately  formed,  and  which  still  maintains  its  existence 
as  a  constituent  part  of  it.  From  the  manner  in  which  the 
surface  cools,  the  consolidated  masses  which  successively  form 
must  lie  in  contact  with  the  inferior  surface  of  the  first-formed 
pellicle.  The  thickness  of  the  crust  increases  by  additions 
below.  This  mode  of  consolidation  differs  materially  from  the 
increase  of  the  crust  by  additions  to  the  hydroplastic  rocks,  as 
these  increase  by  new  overlying  deposits — a  mode  by  which 
the  newest  or  latest  formed  rocks  are  superior;  while  in  the 
former  the  newer  are  beneath  and  the  older  above.  When, 
however,  the  crust  contracts  fissures  are  produced,  through 
which  the  still  fluid  matter  finds  its  way  to  the  surface,  and 
may  overflow  the  consolidated  surface.  The  age  of  two  rocks 
thus  related  is  determined  by  very  obvious  facts.  The  rock 
intersected  by  fissures  and  filled  with  melted  matter  must  be 
the  oldest,  and  the  intersecting  mass  the  newest.  Three,  and 
even  more  masses  may  be  thus  related  to  each  other.  This 
mode  of  formation,  as  well  as  the  indications  of  age,  belong 


Fig.  9. 


exclusively  to  this  class  of  rocks,  and  in  a  series  of  adjacent 
beds  we  are  to  look  for  these  peculiar  relations,  when  it  is 
desirable  to  determine  which  is  the  oldest  and  which  the  newest. 
The  rule  has  a  general  application,  as  it  is  obvious  that  all 
intersecting  masses  of  rock  must  be  more  recent  than  the  inter- 
sected, whether  the  latter  belongs  to  the  oldest  or  newest 
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classes.    Fig.  2  illustrates  the  mode  of  formation  of  the  pyro* 
crystalline  rocks,  and  the  relative  age  of  each  mass. 

§  39.  The  age  of  rocks  deduced  from  the  perfection  of  their 
crystalline  state.    Assuming  the  former  fluid  condition  of  the 
earth  by  heat,  and  its  present  condition  by  the  loss  of  it,  it  may 
be  inferred  that  the  greater  intensity  of  heat  produced  fusions 
far  more  perfectly  in  the  earlier  than  in  the'  later  periods.     We 
may  conceive,  then,  that  the  products  of  a  perfect  vrill  difier 
in  structure  from  those  of  an  imperfect  fusion.    The  former 
will  be  longer  in  cooling,  and  the  particles  of  the  mass  will  be 
in  a  more  favorable  condition  to  move  freely  and  arrange 
themselves  according  to  their  respective  affinities.     The  first 
products  arising  from  the  cooling  of  the  earth's  crust  are  the 
granites.     These  rocks  are  preeminently  crystalline,  and  their 
perfect  crystalline  condition  resulted   from   the  former  high 
temperature  to  which  their  masses  were  subjected  when  the 
whole  earth  was  in  a  molten  state.    The  products  of  the  subse- 
quent  periods,  when  the  earth's  crust  had  materially  cooled, 
are  less  crystalline.     Thus  granites  in  mass,  the  first  products 
of  cooling,  are  traversed  by  granitic  veins  which  constitute  a 
second  stage  in  granitic  productions.     In  periods  still  later  trap 
dykes  appear,  and  we  find  in  their  structure  indications  of  a 
diminished  fluidity  by  fusion:  they  are  black  granular  or  com- 
pact and  homogeneous,  or  imperfect  crystals  of  feldspar  pervade 
the  mass.    The  traps  proper  traverse  the  earlier  and  later  rocks, 
and  cut  the  more  ancient  granitic  veins,  but  are  themselves 
more  rarely  intersected  by  granitic  veins;  and  even  the  massive 
greenstones  are  rarely,  if  ever,  intersected  by  granitic  veins. 
Granitic  veins  and  beds,  however,  are  products  of  all  periods  as 
late  at  least  as  the  chalk;  but  their  frequency  is  diminished 
in  the  ratio  of  a  thousand  to  one,  comparing  the  granitic  with 
the  cretaceous  periods. 

The  foregoing  considerations  seem  to  favor  the  doctrine  that 
the  imperfect  crystalline  structure  of  the  later  igneous  products 
is  due  in  part  to  a  diminished  heat  in  the  earth's  crust.  We 
have  never  seen  a  granitic  vein  intersect  a  trap  dyke  or  a  mass 
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of  greenstone,  although  some  granitic  veins  are  newer  than 
many  veins  and  masses  of  trap. 

The  evidence  of  age^  however,  when  deduced  from  structure 
alone  can  not  be  relied  upon,  only  so  far  as  it  indicates  a 
general  diminution  of  temperature;  traps  and  greenstones  never 
forming  those  parts  of  the  earth's  crust  which  belong  to  the 
most  ancient  periods — the  rocks  of  the  most  ancient  periods 
being  represented  by  granites  and  gneiss,  whose  structures  are 
eminently  crystalline. 

Metallic  veins — ^those  of  iron  in  northern  New  York,  the 
auriferous  quartz  veins  of  Virginia  and  North  Carolina — are 
traversed  by  dykes  of  trap  or  greenstone,  and  hence  the  former 
are  older  than  the  latter;  and  we  have  never  seen  the  former 
traversing  the  latter,  though  in  Derbyshire,  England,  metallic 
veins  pass  into  them.  Taking  a  general  view  of  facts,  how- 
ever, as  they  are  developed  upon  a  large  scale,  we  are  inclined 
to  adopt  the  opinion,  that  the  prevalence  of  the  intersecting 
dykes  of  trap  are  due  to  general  and  not  to  local  causes,  and 
that  this  cause  will  be  found  connected  with  the  cooling  of  the 
earth's  crust 

§40.  Special  considerations  respecting  the  elements  of  granite 
and  its  allied  rocks.  Feldspar  is  the  predominating  element  in 
all  the  massive  pyrocrystalline  rocks.  It  is  a  fusible  compound, 
bat  the  mass  of  rock  in  which  it  is  so  abundant  may  have  been 
more  fusible  than  feldspar  by  itself.  The  three  principal  kinds 
of  feldspar,  ail  of  which  are  quite  common  in  American  granites, 
are  composed  of 


PriBmatic  Feldipu-^ 

Albite. 

Labradonhe 

Silex, 

65*40 

70-7 

63-70 

Alnmiiia, 

18*60 

19.8 

29-90 

Lime, 

0020 

0-3 

1200 

Potaah, 

16'70 

0*0 

0-90 

Soda, 

o-io 

9-0 

4-50 

The  presence  of  the  alkalies  and  alkaline  earths,  while  they 
promote  as  fluxes  the  fusion  of  the  mass,  materially  contribute 
to  its  disintegration  and  decomposition.    In  consequence  of 


Horohlende. 

Silex, 

46-26 

Lime, 

13*36 

Magnesia, 

19-33 

Prot.  ox.  iron, 

3-43 

Ox.  manganese, 
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this  last  property,  those  rocks  which  have  undoubtedly  contri- 
buted to  the  formation  of  subsequent  rocks,  have  had  a  great 
influence  upon  the  character  of  the  soil  The  most  important 
minerals  associated  with  feldspars  are  hornblende  and  pyrox- 
ene.   They  are  composed  of 

Pyroxene. 
54*08 
23*19 
11-49 
10-02 
0*61 

The  fusibility  of  hornblende  and  pyroxene  is  greater  than 
feldspar,  and  as  they  are  both  associated  with  feldspar,  they 
probably  increase  the  fusibility  of  the  compound.  Hornblende 
and  pyroxene  rocks,  however,  decompose  more  slowly  than 
feldspathic,  in  consequence  of  the  absence  of  the  alkalies.  The 
latter  rocks,  however,  contain  in  this  countiy  sulphuret  of  iron, 
and  in  consequence  of  its  presence,  these  rocks  imdergo  greater 
and  more  rapid  changes  than  they  would  were  they  free  from 
this  substance.  The  feldspathic  rocks,  however,  contain  a 
much  smaller  proportion  of  sulphuret  of  iron;  it  is  not  associ- 
ated so  frequently  with  it.  In  the  first  group  feldspar  is  the 
most  important  one  of  its  compounds.  In  this  country  granites 
are  the  principal  rocks  of  the  group,  especially  since  it  seems 
to  be  proper  to  include  under  granites  all  the  mixtures  in  which 
the  three  kinds  of  feldspar  are  found.  In  this  country  we  are 
unable  to  add  many  of  the  minor  compounds — those,  for  exam- 
ple, which  are  found  in  the  ancient  volcanic  districts  of  Europe, 
as  cHntstone,  porphyry,  graystone,  diallage  rock,  &c. 

In  certain  compounds  hornblende  or  pyroxene  predominate, 
though  feldspar  is  always  present. 

Epidote  should  be  noticed  in  this  connection.  It  is  no 
uncommon  fact  to  find  this  mineral  where  the  change  in  a  rock 
is  comparatively  slight.  Chloritic  slates,  when  acted  upon  but 
feebly  by  heat,  almost  always  contain  epidote.  It  may  be 
massive   or   crystalline.     Its   peculiar  yellowish  green  color 
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denotes  the  presence  of  this  mineral.     Its  composition  is  repre- 
sented below: 


Epidote 

Silex, 

37-0 

Alumina, 

21-0 

Lime, 

15-0 

Oxide  of  iron. 

24-0 

Manganese. 

x-o 

It  is  closely  allied  in  composition  to  pyroxene. 

GROUPS  OF  PYROCRYSTALLINE  ROCKS. 

§  41.  Three  kinds  of  feldspar,  the  prismatic,  albite,  and  labra- 
dorite,  are  frequently  associated  with  hornblende  and  pyroxene. 
They  form  groups  which  belong  to  the  later  formed  rocks,  or  to 
the  pyroplastic  rocks.  Hornblende,  taking  the  place  of  mica  in 
granite,  forms  a  compound  which  is  called  sienite,  and  it  may 
be  surmised  that  it  is  not  the  oldest  kind  of  granite.  The  feld- 
spars, when  associated  with  hornblende  and  labradorite,  con- 
stitute the  greenstones,  porphyries,  basalt,  and  trap.  These 
associations  do  not  appear  to  have  been  formed  at  all  in  the 
earliest  consolidations  of  the  earth's  crust. 

§  42.  Feldspar,  however,  is  not  confined  to  the  greenstones 
and  basalts.  We  find  it  incorporated  with  many  of  the  later 
formed  pyroplastic  rocks.  Thus  the  claystones  and  clinkstones 
are  compact  rocks,  in  which  the  elements  of  feldspar  predomi- 
nate. The  latter,  when  struck  with  a  hard  body,  rings  like  a 
piece  of  baked  earthenware.     The  first  is  often  a  porphyry. 

The  rock  which  is  known  as  petrosilex  is  a  reddish  compact 
feldspar,  spotted  with  crystals  of  white  feldspar.  Trachyte 
being  composed  of  hornblende  and  glassy  feldspar,  belongs  to 
this  group.  Diallage  rock  might  be  placed  in  this  connection, 
as  it  is  composed  of  diallage  and  feldspar;  but  geologically,  it 
is  associated  with  serpentine,  and  seems  in  this  respect  to  be 
separated  from  the  true  greenstones. 

The  dolerites  are  regarded  by  some  geologists  as  combina- 
tions of  labradorite  and  augite.  They  may  be  placed  therefore 
with  the  pyroxenic  compositions,  and  also  as  associates  of  the 
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feldspathic  rocks.  Graystone  contains  seventy-five  per  cent  of 
feldspar — the  rest  is  pyroxene.  Euphotide  is  composed  of 
labradorite  and  sausurite,  according  to  Rose. 
'  The  feldspathic  group  of  rocks  is  quite  extensive,  including 
slenite,  greenstone,  basalt,  porphyry,  trap,  diallage  rock,  doler- 
ite,  graystone,  sausurite  in  euphotide. 

Mica,  although  associated  with  feldspar  in  granite,  can  not 
be  regarded  as  one  of  its  constant  companions:  it  rarely  accom- 
panies it  except  in  the  granites  of  the  older  periods.  The 
following  analyses  express  the  compositions  of  two  kinds  of 
mica: 


Mien. 

Lepidolile 

Silex, 

46-30 

49-86 

Alumina, 

36-80 

33-61 

Lithia, 

3-60 

Potaih, 

9-22 

418 

Fluoric  acid  and  water, 

1-81 

3-45 

Oxide  of  manganese, 

1-45 

do.        iron, 

4-53 

4-18 

The  composition  of  mica  is  very  variable;  the  iron  amounts 
to  fourteen  per  cent.  The  presence  of  mica  in  a  rock  promotes 
its  disintegration  mechanically.  Its  structure  favors  the 
entrance  of  water  into  the  mass  of  which  it  is  a  constituent 
part.  But  this  is  not  all;  it  contains  potash,  and  hence,  like 
feldspar,  it  is  subject  to  decomposition.  Granites,  therefore, 
composed  of  large  folia  of  mica,  and  large  crystals  of  feldspar, 
are  less  stable  and  more  subject  to  crumble  than  rocks  com- 
posed of  carbonate  of  lime,  or  which  consist  of  a  simple  mineral 
as  hornblende;  or  if  the  granite  is  composed  of  fine  particles, 
it  is  more  permanent  than  the  coarser  varieties.  The  Quincy 
and  Maine  granites  are  of  this  description. 

Mica  is  very  rarely  a  constituent  of  the  pyroplastic  rocks. 
The  oldest  lavas  of  Etna  contain  it,  and  a  mass  of  metamorphic 
magnesian  limestone  of  the  Onondaga  salt  group  occurs  near 
Syracuse,  and  is  associated  with  serpentine,  another  product  of 
metamorphic  action. 

Feldspar  seems  to  be  associated  with  certain  vitreous  mine- 
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rals,  as  pitchstone,  obsidian,  &c.;  or  they  may  be  regarded  as 
fused  feldspars  and  augite,  in  which  the  former  may  occur  in 
obscure  crystals.     Their  composition  may  be  stated  as  below: 


OlMidian. 

Pitchstone 

Silex, 

72  00 

73-00 

AInmina, 

12-50 

14-56 

Potash  and  soda. 

1000 

Oxide  of  iron  and  manganese, 

200 

110 

Lime, 

100 

Water, 

0  09 

8-50 

Pearlstone  and  pumice  are  products  of  volcanic  action  quite 
similar  to  the  foregoing.     They  are  composed  of 


Pearlstone. 

Pumice 

Silex,                                             75*25 

72*52 

Alumina,                                      12*00 

17-50 

Potash  and  soda,                              4*50 

300 

Oxides  of  iron  and  manganese,      1  *60 

1-75 

Lime,                                              0*50 

Water,                                           4*50 

There  are  other  products  of  igneous  action,  among  which 
siliceous  minerals  are  the  common  companions,  and  might  be 
regarded  as  real  geological  groups.  Thus  most  of  the  green- 
stones, toadstones,  and  traps  furnish  varieties  of  uncleavable 
quartz,  as  chalcedony,  cacholon,  cornelian,  jasper,  siliceous 
sinter,  &c.  All  these  varieties  are  nearly  pure  silica.  Their 
origin  is  due  to  the  agency  of  heated  water  holding  silica  in 
solution.  They  are  of  course  of  posterior  origin  to  the  green- 
stones and  traps  containing  them.  If  we  extend  this  kind  of 
grouping  a  little  further,  we  shall  find  associated  with  the 
foregoing  a  family  of  minerals  which  were  formerly  called 
zeolites,  consisting  of  analcime,  laumonite,  chabasie,  stilbite, 
heulandite,  thompsonite,  mesotype,  phrenite,  &c.;  calcspar  is 
frequently  associated  with  them.  They  are  not  confined  to  the 
greenstones  and  traps,  as  talcose  and  mica  slate  rarely  furnish 
them.  But  the  pyroplastic  rocks  are  the  true  repositories  of 
the  zeolites,  or  according  to  systematic  mineralogy,  kouphone 
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spars.     The  following  tables  exhibit  the  composition  of  (he 
most  important: 

Analciroe.  Laumotiite. 
Silex,                        5800  48*30 

Alumina.  18*00  23*70 

Soda,  1000 

Lime,  2*00  12*10 

Water,  8*50  16  00 

Laumonite  is  remarkable  for  its  instability,  which  is  due  to 
loss  of  its  water,  when  it  becomes  a  white  powder.  It  efBor- 
vesces  in  the  dry  atmosphere. 


Stilbilc. 

Heuiaiidite. 

Silex, 

58*08 

59  00 

Alumina, 

16'10 

7*19 

Lime, 

9*20 

16-87 

Water, 

16*40 

13*46 

Oxide  of  iron, 

1000 

The  foregoing  family  of  minerals  seem  to  be  due  to  the  sol- 
vent action  of  water.  The  elements  existing  in  the  parent 
rock  are  dissolved  out  under  favorable  circumstances.  The 
igneous  rocks  are  more  or  less  porous,  and  hence  admit  of  its 
transfusion  through  the  mass.  If  a  cavity  be  opened  in  a 
rock,  however  deep  its  situation,  it  is  almost  impossible  to 
exclude  the  entrance  of  water  into  it,  provided  the  rock  is  not 
absolutely  anhydrous.  At  the  surface  the  pressure  by  which 
water  would  be  forced  into  a  cavity  (which  may  be  regarded 
as  a  vacuum)  equals  fifteen  pounds  to  the  square  inch:  under 
water  the  pressure  would  be  greatly  increased.  The  solvent 
power  of  water  is  aided  by  pressure;  hence  the  transfusion  of 
water  into  cavities  may  be  accounted  for,  and  indeed  provided 
for,  and  in  its  progress  through  the  rock  must  necessarily  dis- 
solve and  carry  forward  the  soluble  matter  w'ith  which  it  meets. 

The  idea  of  the  transfusion  of  water  into  cavities  and  pores 
in  rocks  beneath  the  sea,  is  illustrated  by  Dr.  Scoreby's  account 
of  a  boat  pulled  down  to  a  considerable  depth  by  a  whale,  after 
which  the  wood  became  too  heavy  to  float,  the  air  being  forced 
out  and   replaced  by  water.     So  also  the  filling  of  empty  bot- 
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ties  at  great  depths  in  the  sea.  But  the  water  when  forced 
through  the  pores  of  a  rock  into  cavitieSj  becomes  a  powerful 
solvent  of  the  earthy  salts,  which  suffer  also  a  transference  of 
matter,  which,  on  crystallizing,  constitutes  the  regular  crys- 
tals of  geodes,  cavities,  or  fissures. 

The  result  of  the  action  of  water  proves  to  us  that  the 
alkalies  and  alkaline  earths  are  present  in  the  rock,  and  that 
water  is  competent  to  dissolve  silica.  The  following  exhibits 
the  composition  of 


MMOtype. 

Leucite. 

Silex, 

54-46 

53-75 

Alumina, 

19-70 

24-62 

Lime, 

1-61 

Soda, 

1509 

Potash, 

21-36 

Water, 

9-83 

It  is  proper  to  remark  that  the  foregoing  minerals  belong  to 
the  submarine  division  of  the  pyroplastic  rocks.  The  condition 
of  the  submerged  rocks  is  favorable  to  the  development  and 
formation  of  this  natural  family  of  minerals,  while  the  sub- 
aerial  divisions  rarely  contain  minerals  in  their  cavities,  not 
indeed  until  they  have  been  placed  in  favorable  conditions  for 
their  production.  In  some  instances  the  foregoing  minerals 
appear  to  have  been  formed  directly  by  heat.  Those  instances 
may  be  cited  where  a  rock,  as  clay  slate,  has  been  altered 
by  contact  with  a  trap  dyke.  Both  analcime  and  garnet 
have  been  formed  in  the  slate  by  the  heat  of  the  trap.  It  is 
not  however  clear  but  that  water  in  this,  and  most  other  cases 
of  the  kind,  has  been  instrumental  in  the  formation  of  the 
minerals  imder  consideration. 

§  43.  Quartz  and  its  group  of  associates.  Quartz,  when 
interlaminated  with  mica,  forms  mica  slate,  and  when  associ- 
ated in  the  same  way  with  talc,  forms  the  common  talcose 
slates.  These  mixtures  are  variable.  Sometimes  one  and 
sometimes  the  other  predominates.  But  quartz,  although  it 
occurs  in  the  relations  I  have  stated,  still  it  does  not  seem  to 
hold  that  relation  to  talc  or  mica  that  feldspar  holds  to  augite 
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or  hornblende.  The  proportion  of  quartz  is  very  great  at  some 
localities  in  Maryland  and  North  Carolina,  and  so  large  that 
the  mass  is  regarded  as  a  sandstone.  Quartz,  however,  has  its 
associates  among  the  metals  and  oxides  and  sulphurets  of  the 
metals.  The  auriferous  formations  are  so  constantly  asso- 
ciated with  quartz,  that  it  is  scarcely  ever  absent.  Even 
the  fine  talcose  slates,  which  appear  at  first  much  like  talc 
alone,  wh^n  examined  with  a  glass  are  found  to  be  made  up 
mostly  of  fine  grains  of  quartz. 

The  oxides  of  iron,  when  in  mass  or  in  veins,  are  usually 
accompanied  with  quartz.  Carbonate  of  lime,  which  is  so  com- 
mon, and  as  the  veinstone  of  Galena,  is  rarely,  if  ever,  the  vein- 
stone of  the  oxides  of  iron.  The  sulphurets  of  iron  and  copper 
are  usually  accompanied  with  quartz,  especially  if  auriferous. 
It  is  not  well  determined  how  the  fissures  now  occupied  with 
quartz  have  been  filled.  Some  seem  to  be  disposed  to  regard 
them  as  products  of  fusion.  Black  tourmalin  is  common  in 
quartz,  penetrating  it  in  a  very  remarkable  manner. 

The  talco-micaceous  slates  furnish  the  staurotides,  garnet, 
and  kyanite.  The  two  former  are  frequently  so  abundant  that 
they  protect  the  rock  from  weathering  in  consequence  of  their 
hardness.     Garnet  and  staurotide  are  composed  of 


Garnet. 

Staarotide 

Silex, 

43-00 

3300 

Alumina, 

16-00 

44-00 

Lime, 

20  00 

3-84 

Oxide  of  iron, 

16-00 

13-00 

Manganese, 

0-20 

1-00 

Garnet  gives  diiferent  results  by  analysis;  in  some  the  lime  is 
wanting,  and  in  others  the  iron  is  increased  sufficiently  to 
warrant  its  use  as  an  iron  ore.  The  manganese  too  is  variable 
in  quantity,  and  in  consequence  of  the  difference  of  composition 
it  furnishes  several  varieties,  as  the  precious  garnet,  the  melanite, 
colophonite,  manganesian  garnet,  &c. 

6  44.  Serpentine  group.     Serpentine  must  be  regarded  as  an 
ioneous  product,  and  like  other  rocks  of  this  class,  it  has  been 
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formed  at  different  periods.  It  is  associated  with  bronzite,  dial- 
lage,  talc,  rensselaerite,  schillerspar,  steatite,  chromite  of  iron, 
chalcedony,  and  calcspar.  It  will  be  perceived  that  the  group- 
ing of  serpentine  differs  from  other  pyrocrystalline  or  pyroplastic 
rocks.     Serpentine  itself  is  composed  of 

terpentine. 

Silex,                 '  42-50 

Magnesia,  38  63 

Alamina,  TOO 

Oxide  of  iron,  1  *50 

do.        chrome,  0*54 

Lime,  0*25 

Water,  15*00 

The  associates  of  serpentine  contain  magnesia  in  different 
proportions;  thus  bronzite  and  diallage: 


Bronzite. 

Diallage. 

Silex, 

60*00 

52*00 

Magnesia, 

27-50 

15-91 

Alumina, 

3*18 

Oxide  of  iron. 

10*50 

7*47 

Lime, 

19*59 

Diallage  is  also  associated  with  feldspar,  and  forms  with  it 
diallage  rock.  In  this  country,  however,  it  is  a  rare  rock. 
Steatite  and  talc  contain  magnesia,  but  less  iron  than  the  fore- 
going.    They  are  found  to  be  composed  of 

Tale.  Steatite. 

Silex,  62-00  4S'3 

Magnesia,  2700  26*65 

Oxide  of  iron,  3*50  2  00 

Alumina,  1*50  6' 18 

Water,  6  00  905 

The  soapy  bed  of  talc  and  steatite  is  characteristic  of  these 
minerals.  They  scarcely  differ,  as  will  be  seen  by  the  foregoing. 
Chlorite,  a  deep  green  mineral,  which  often  looks  and  feels  like 
a  green  talc,  differs  however  in  composition.  Chlorite  is  some- 
what important  as  a  mineral  species;  it  is  usually  associated 
or  grouped  with  quartz,  particularly  with  milky  quartz,  as  in  a 
part  of  the  Taconic  range  of  mountains  in  Berkshire,  Mass.    A 
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supposed  chloritic  compound  forms  chloritic  slate  in  combina- 
tion with  quartz,  in  which  respect  it  is  analogous  to  talcose 
slate.     Its  composition  is  as  follows: 


Chlorite 

Silex, 

2G-0 

Alumina, 

18-5 

Magnesia, 

80 

Soda, 

2-0 

Oxide  of  iron. 

430 

Chromate  or  chromite  of  iron  occurs  in  serpentine,  but  where 
calcspar  or  carbonate  of  lime  is  associated  with  serpentine,  it  is 
often  absent,  as  in  northern  New  York  and  New  Jersey.  Octa- 
hedral iron,  as  well  as  the  specular  iron,  is  often  associated  with 
serpentine. 

§  45.  Hornblende  group.  The  associates  of  hornblende  are 
feldspar,  pyroxene,  and  quartz.  It  sometimes  stands  by  itself, 
or  has  no  intermixture  of  feldspar  or  quartz.  But  generally 
feldspar  is  present,  and  the  two  minerals  are  arranged  in 
parallel  stripes,  appearing  like  a  stratified  rock.  Quartz  is 
never  abundant  in  this  compound. 

Hornblende  is  cissociatcd  with  feldspar  in  another  class  of 
rocks — the  pyroplastic,  the  greenstones,  or  as  they  are  some- 
times called,  (lolerites  and  diorites.  Their  structure  is  more  or 
less  granular,  and  the  feldspar  may  be  seen  in  white  crystal- 
line grains,  sometimes  by  the  naked  eye,  but  in  many  instances 
the  eye  requires  the  aid  of  a  magnifying  glass.  It  appears 
that  the  hornblende  in  these  compounds  is  greater  than  that  of 
ieldspar.  Sometimes  again  the  feldspar  is  in  quite  large 
crystals,  giving  the  rock  a  spotted  appearance.  It  has  become 
a  greenstone  porphyry.  This  is  the  case  in  many  places  situ- 
ated in  the  outburst  of  jxreenstone  alon^:  the  Hudson  and 
Connecticut  rivers. 

Chemists  have  paid  but  little  attention  to  the  composition  of 
rocks,  and  hence  it  is  impossible  to  group  them  as  perfectly  as 
it  is  wished.  Our  trap  dykes,  which  are  usually  so  homoge- 
neous and  compact,  atford  no  external  clue  to  their  composition. 
They  may  be   hornblendic,  or  they  may  be  pyroxenic.     The 
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absence  of  magnesia  would  lead  us  to  place  them  in  this  group. 
Epidote  and  titanium  are  common  associates  of  hornblende, 
especially  the  rutile  and  silico-calcareous  oxide  of  titanium. 
Hypersthene  is  often  associated  with  it,  but  commonly  with 
labradorite.     It  is  composed  of 


Hypersthene 

Silex, 

54-25 

Alumina, 

2-25 

Magnesia, 

14-50 

Lime, 

TOO 

Oxide  of  iron, 

24-50 

Water, 

1-00 

§  46.  Pyroxenic  group.  In  combination  with  feldspar, 
pyroxene  forms  basalt  This  rock  is  black  and  perfectly  com- 
pact, or  formed  of  particles  which  are  indistinguishable  by  the 
naked  eye.  It  is  the  most  important  of  the  group.  The 
melapyres  are  also  combinations  of  these  minerals,  to  which 
may  be  added  obsidian,  pitchstone,  and  peperino.  These  vol- 
canic products  have  but  little  interest  in  the  eyes  of  an  Ameri- 
can geologist.  As  a  mineral,  pyroxene  is  associated  with, 
and  hence  might  be  grouped  with,  our  pyrocrystalline  lime- 
stone and  serpentine.  It  is  not  common  to  those  serpentines 
which  are  not  associated  with  lime.  But  neither  hornblende 
nor  pyroxene  enter  into  combination  with  limestone  as  a  rock. 

§  47.  Limestone  group.  The  class  of  limestones  under  con- 
sideration, though  they  contain  many  minerals,  yet  as  a  rock, 
it  is  not  associated  with  any  important  ones,  except  serpentine 
and  its  congener  rensselaerite.  Serpentine  in  this  grouping  is 
subordinate  to  the  limestone.  Specular  oxide  of  iron  occurs  in 
beds  in  this  rock  in  northern  New  York. 

The  circumstances  imder  which    this  rock  occurs  in   this 

country  warrants  its  recognition  as  a  rock  quite  as  distinct  from 

all  others  as  granite.     It  is  by  no  means  a  metamorphic  mass. 

When  this  rock  occurs   among  granites,  it  is  massive   and 

unlaminated;  when  ij  occurs  among  gneiss,  mica  slate,  and 

hornblende  rocks,  it  is  laminated.    It  might  perhaps  be  grouped 

8 
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A¥ith  all  these  rocks,  as  in  New  York,  Massachusetts,  and  New 
Jersey,  where  it  frequently  accompanies  them. 

The  pyrocrystalline  limestones  abound  in  pyroxene,  horn- 
blende, chondrodite,  brown  tourmalin,  spinelle,  sulphurets  of 
iron  and  copper,  and  phosphate  of  lime.  In  veins  of  Galena 
calcspar  is  often  the  gangue.  The  foregoing  minerals  never 
form  rocks  in  combination  with  limestone,  excepting  serpen- 
tine. The  minerals  imbedded  in  limestone  have  a  peculiar 
composition,  though  it  may  not  be  due  to  the  rock  in  which 
they  occur.     Thus  chondrodite  and  spinelle  are  composed  of 

Chondrodite.  Spinelle. 

Silex,  32-66                              200 

Magnesia,  51*00                          12  00 

Peroxide  of  iron,  2*33                          16*00 

Flaoric  acid,  4  08 

PoUsh,  2*10 

Water,  1*00 

Alumina,  68.00 

In  the  compositions  of  tourmalins  boracic  acid  is  found.  It 
is  a  rare  substance.  It  is  volatile  at  a  high  temperature,  but 
possesses  active  solvent  powers.  The  dissolved  matters  crys- 
tallize from  its  solutions.     Black  tourmalin  is  composed  of 

Black  Toarroalin. 


Silex, 

36*03 

Alumina, 

35-82 

Magnesia, 

4-44 

Lime, 

0-28 

Potash, 

0-73 

Soda, 

1-66 

Oxide  of  iron. 

12-71 

Manganese, 

0-75 

Boracic  acid. 

4-02 

Tourmalins  accompany  the  coarse  granites.  They  are  quite 
rare  in  the  greenstones.  A  vein  of  green,  red,  and  blue  tour- 
malin occurs  in  the  coarse  granite  at  Chesterfield.  They  are 
more  commonly  disseminated  in  the  rock,  especially  the  indico- 
lite,  and  sometimes  so  abundantly  as  to  have  given  its  name 
(schorl  rock)    to   the   compound.      Graphite    in   tables,  and 
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sometimes  in  regular  hexahedral  tables,  is  one  of  the  most 
common  minerals  of  pyrocrystaliine  limestone.  When  it  is 
coDsidered  that  graphite  is  a  furnace  product,  we  can  scarcely 
entertain  a  doubt  respecting  the  agent  which  was  instrumental 
in  its  origin.  This  mineral,  however,  is  absent  in  those  rocks 
which  are  usually  regarded  as  the  metamorphic  limestones,  as  the 
marbles  of  Berkshire,  Mass.,  and  which  are  prolonged  to  Canada 
on  the  norths  and  to  Georgia  on  the  south.  The  green  crys- 
tallized mica,  the  brown  zircons,  sphene,  corundum,  sulphuret 
of  iron  in  fine  crystals,  prismatic  feldspar,  crystals  of  quartz  in 
dodecahedrons,  carbonate  of  iron,  yellow  and  brown  tourma- 
lins, are  among  the  simple  minerals  of  this  rock. 

The  simple  minerals  which  we  find  commonly  associated 
with  certain  rocks  may  be  regarded  as  having  originated  under 
three  conditions:  the  first,  those  which  belong  to  the  granites 
and  j^yrocrystalline  limestone;  these  have  been  developed 
through  the  agency  of  high  temperature.  The  second,  those 
which  belong  to  the  mica  and  talcose  slates;  these  have 
required  for  their  production  only  a  moderate  amount  of  heat. 
The  kyanites,  garnet,  staurotide,  andalusite,  belong  to  this 
series.  Third,  those  which  are  developed  in  thin  seams  (not 
veins)  and  cavities  of  rocks,  mainly  through  the  instrumentality 
of  water.  As  examples,  stilbite,  heulandite,  thompsonite,  cha- 
basic,  &c.,  may  be  cited. 

The  rocks  admit  of  grouping  to  a  certain  extent  according 
to  the  period  during  which  they  were  formed,  or  according  to 
the  minerals  which  enter  into  their  composition.  The  feld- 
spathic  rocks  belong  to  different  periods — the  most  crystalline 
to  the  earliest,  the  amorphous  and  subcrystalline  to  later 
periods.  To  the  former  belong  the  granites,  and  to  the  latter 
the  greenstones.  The  schistose  rocks,  gneiss,  mica  and  talcose 
slates,  together  with  hornblende,  are  olosely  related,  and  were 
evidently  formed  under  a  diminished  temperature.  It  was 
temperature,  and  not  water,  which  arranged  their  laminae  into 
parallel  layers,  a  result  which  is  sometimes  imitated  in  furnace 
operations.  We  find  no  sediments  beneath,  or  intercalated 
between  them. 
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PYROGENIC  OR  ERUPTIVE  ROCKS. 

^      §  48.  General  considerations  respecting  pyrogenic  or  eruptive 
rocks.     Pyrogenic  or  eruptive  rocks  have  five  phases,  each  of 
which  should  be  described.     The  five  phases  are  recognized  by 
the  structure  of  their  masses.     The  first  have  a  symmetrical 
arrangement  of  their  component  parts  in  consequence  of  their 
crystallization.     Thus  the  feldspar  of  granite  is  crystallized; 
and  however  small  its  particles,  it  is  perfectly  separated  from 
the  other  minerals  of  the  mass,  whatever  they  may  be.    The 
mica  also  is  crystallized,  and  the  quartz,  though  massive,  is 
equally  distinct.     Each  mineral  composing  the  rock  is  clearly 
defined  in   its  boundaries,  and  is  a  fact  attested  by  the  eye. 
This  structure,  which  belongs  to  the  mass  and  each  mineral 
composing  the  mass,  is  the  first  phase  among  the  pyrogenic 
rocks.     The  second  phase  preserves  the  isolation  of  particles, 
whose  crystallization  took  place  at  the  time  when,  and  at  the 
place  where,  they  now  remain;  but  the  particles  of  minerals  of 
the  same  in  kind  are  arranged  in  parallel  stripes  or  layers. 
The  feldspar  is  arranged  in  its  stripes  or  bands,  the  mica  or 
hornblende  in  their  bands  respectively,  and  they  may  alternate 
with  each  other.     The  rock  presents  a  striped  aspect.     Such 
an  arrangement  of  parts  is  properly  called  lamination.     Gneiss, 
mica  and  talcose  slates,  and  hornblende  are  examples  of  this 
kind  of  structure.     The  third  aspect,  the  separation  of  particles, 
is  too  indistinct  to  be  recognized,  or  it  is  far  less  so  than  in 
granite.     A  single  element  of  the  rock  may  be  imperfectly 
crystallized  and  isolated,  while  the  particles  of  the  mass  remain 
indistinct,  or  it  may  be  granular.     Greenstones  and  porphyry 
are  the  most  distinctive  examples;  the  first  is  both  massive  and 
columnar,  and   it  may  be  laminated,  but  the  lamination  is  not 
distinguished    by    the    arrangement    of  different    minerals    in 
parallel  bands  or  stripes;  but  the  laminae  are  all  of  the  same 
kind  of  matter  while  separated  from  each  in  thin  sheets.     This 
structure  is   not  uncommon.     The  fourth   aspect,  the  rock  is 
vesicular.     In  fusion  the  mass  became  pasty,  and  the  confine- 
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ment  of  the  air,  which  is  expanded  by  heat,  forms  the  vesicles, 
the  sides  or  walls  of  which  are  stiffened  before  the  heated  air 
escapes.  The  vesicles  are  large  and  small,  and  these  may  be 
arranged  in  stripes.  Sometimes  the  vesiculation  expands  the 
mass  sufficiently  to  render  it  buoyant  on  water  as  Id  pumice. 
Crystalline  structure  is  wanting  in  the  vesicular  rocks.  The 
fifth  aspect  which  rocks  of  igneous  origin  present,  is  that 
of  a  glass;  it  is  a  vitrification  of  the  rock;  it  is  sometimes 
homogeneous  or  striped.  To  the  eye  it  appears  like  a  furnace 
production.  Under  certain  circumstances  the  vitreous  mass 
may  be  converted  into  fine  glassy  spiculae.  These  spiculae  often 
cluster  together,  and  form  a  flaxen  appearance.  The  rock 
glasses  contain  less  alumina  than  feldspar.  Their  compo- 
sition, though  variable,  may  be  represented  as  follows: 

1  Obsldiui.  S  OUidian. 

Silex,  60*52  8400 

Alumina^  19*05  4'G4 

Oxide  of  iron,  4*23  5  01 

do.       xnanganese,       0*33 
Lime,  0  59  2  39 

Magnesia,  0*19 

PoUsb,  10*63 
Soda,  3*50  3  55 

The  l8t  is  from  Tenerifle,  the  2d  from  Iceland. 

The  sixth  aspect  occurs  in  those  rocks  where  heat  and 
mechanical  action  is  so  combined  as  to  reduce  the  mass  to 
powder.  Volcanic  ashes  are  examples  of  this  form.  The 
particles  are  buoyant  in  the  air,  and  are  carried  or  transported 
by  winds  sometimes  for  himdreds  of  miles.  The  foregoing 
examples  are  all  distinct  in  the  extremes;  indeed,  except 
in  a  few  cases^  they  may  be  recognized  by  the  student 
without  difficulty.  They  may,  it  is  true,  graduate  into  each 
other.  It  is  sufficiently  plain,  however,  that  fire,  acting  with 
different  degrees  of  intensity  under  different  circumstances,  and 
acting  too  on  compounds  variable  in  fusibility,  must  furnish  a 
variety  of  results  which  are  not  perfectly  classifiable.  There 
will  necessarily  occur  some  intermediate  results,  belonging  in 
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part  to  one  kind  of  structure,  and  in  part  to  another;  still  the 
examples  described  in  the  foregoing  paragraphs,  constitute  the 
distinctive  kinds  of  structural  arrangement,  which  result  from 
the  common  action  of  heat  upon  rocks,  and  the  structure  which 
results  from  the  different  degrees  of  it,  furnish  the  grounds  upon 
which  they  may  be  separated  into  classes  or  groups. 

We  have  already  taken  occasion  to  speak  of  structures,  as 
affording  indications  of  the  age  of  the  pyrogenic  rocks,  and  it 
appears  that  at  one  extreme  of  time  the  rocks  formed  were  all 
crystallized,  while  at  the  other  extreme  they  all  want  it.  The 
first  belongs  to  the  most  remote  period  which  any  of  the  geolo- 
gical phenomena  recorded  in  earth's  history,  have  furnished; 
the  last  belongs  to  the  present,  or  to  the  action  of  the  present 
periods,  and  form  only  lavas,  slags,  sands,  and  porous  products, 
but  no  granites.  The  pyrocrystalline,  therefore,  differ  from 
other  rocks  of  the  pyrogenic  kind,  in  structure  and  age,  though 
they  are  not  confined  to  one  age  or  period.  By  the  modification 
of  structural  arrangements  under  the  influence  of  heat,  varying 
in  intensity,  we  may  separate  the  pyrocrystalline  rocks  into  two 
groups.  In  the  first  the  massive  structure  prevails,  in  the  second 
the  laminated.     These  distinctions  have  been  already  illustrated. 

The  special  characters  of  each  group,  together  with  its  mem- 
bers, will  be  given  in  the  proper  place. 

CHARACTERISTICS  OF  THE  PYROGENIC  OR  ERUPTIVE  ROCKS. 

§  49.  The  massive  pyrocrystalline  rocks.  The  first  charac- 
teristic possessed  by  this  class  of  rocks  is,  the  perfect  separation 
of  each  individual  of  the  mass,  by  crystallization.  The  second 
is  the  indiscriminate  arrangement  or  mixture  of  the  minerals, 
without  regard  to  latnina,  bands  or  stripes.  They  are  composed 
of  feldspar,  mica,  quartz,  limestone,  hornblende  and  augite. 
But  a  separation  of  parts  of  the  mass  is  effected  by  crystalliza- 
tion, which  has  affected  the  rock  as  a  whole.  They  are  repre- 
sented by  those  which  are  referred  to  under  the  first  phase, 
§48. 
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§  60.  The  laminated  pyrocrysialline  rocks.  They  possess 
the  first  characteristic  of  the  preceding  class.  Their  second 
characteristic  consists  in  the  arrangement  of  the  component 
minerals  into  parallel  bands  or  stripes.  In  the  third  character- 
istic they  agree  again  with  the  preceding  section.  They  are 
referred  to  under  the  second  phase  of  the  preceding  section. 

^  51.  The  pyroplastic  rocks.  The  first  characteristic  consists 
in  their  homogenity,  or  an  approach  to  it.  When  compact, 
they  are  perfectly  homogeneous;  when  granular,  it  is  sometimes 
possible  to  discover  the  mixed  nature  of  the  mass  by  the  occur- 
rence of  whitish  particles  in  a  granular  ground,  or  the  ground 
or  base  may  furnish  individuals  distinguishable  in  size,  as  the 
basalts,  the  greenstones,  trap,  and  porphyry.  They  belong  to 
rocks  indicated  under  the  third  phase  of  the  section  already 
referred  to.  The  mass  may  be  laminated,  or  rather  sheeted, 
columnar  or  massive,  or  the  mass  may  be  vesicular,  but  the 
vesicles  are  not  empty.  The  circumstances  connected  with 
their  cooling  have  modified  their  structure.  A  part  have  cooled 
beneath  water,  or  the  sea,  and  a  part  have  cooled  in  the  atmo- 
sphere, and  hence  the  subdivision  of  the  class  into  submarine 
and  svbarial.  The  subaerial  products  are  numerous.  They  may 
be  porous,  vesicular,  glassy  or  vitreous  and  compact;  vitreous 
and  fibrous,  like  hair,  or  in  the  condition  of  an  ash.  In  the 
vesicular  structures,  the  vesicles  are  usually  empty.  They  are 
referred  to  under  the  fifth  and  sixth  phase  of  §  48.  They  are 
the  modem  volcanic  products. 

OF  THE  MEMBERS  OF  THE  MASSIVE  PYROCRYSTALLINE 

CLASS. 

§62.  Granite.  The  primary yhypogene  and  igneouSy  of  differ-' 
ent  authors.  It  consists  of  feldspar,  quartz  and  mica,  commingled 
together,  forming  a  mass  in  which  their  arrangement  has  no 
order  which  can  be  discerned.  Each  mineral  may  predominate 
in  different  localities,  though  it  is  rare  for  the  quartz  to  exist 
in  excess  over  and  above  the  feldspar  and  mica.  The  individual 
minerals  have  no  allotted  size;  the  mass  may  consist  of  small 
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particles,  or  they  may  be  very  large.  Hence,  when  the  parti- 
cles of  composition  are  regarded,  a  granite  is  fine  or  coarse. 
Granites  differ  in  color.  The  fine  are  gray,  usually ;  the  coarse 
are  white,  or  nearly  so.  Granites  of  an  intermediate  texture 
may  be  either  gray  or  flesh  color.  The  fine  and  very  coarse 
are  rarely  flesh  color.  The  quartz  is  sometimes  rose  red^  but 
usually  gray,  and  never  crystallized.  The  mica  in  the  fine 
granite,  is  nearly  black.  In  the  coarse,  the  mica  is  greenish, 
and  in  some  cases  black  or  very  dark  green.  Mica  is  frequently 
wanting.  Sometimes  its  place  is  supplied  by  hornblende.  This 
last  commixture  of  minerals  constitutes  the  sienite  of  authors, 
provided  the  arrangement  is  granitic;  or  if  the  mica  is  inter- 
mixed with  hornblende,  it  is  still  regarded  as  a  sienite. 

The  variability  of  granite  is  seen  in  its  coarseness  or  fine- 
ness. The  extreme  of  these  kinds  will  be  found  in  the  veins, 
traversing  gneiss,  or  mica  slate.  The  mica  and  feldspar  is  in 
large  sheets  and  blocks;  the  former  occupying,  very  frequently, 
the  middle  of  the  vein,  and  standing  with  its  edges  to  the  cen- 
ter. In  other  varieties  where  albite  is  present,  this  occupies 
the  center,  and  is  arranged  in  imperfect  stellated  laminae,  which 
are  usually  hemitropic.  Such  is  the  case  with  the  veins  of 
coarse  granite  at  Cliester  and  Chesterfield,  Mass.  These  veins  are 
well  defined  at  their  borders,  and  usually  contain  some  variety 
of  tourmalin.  It  is  mostly  indicolite  at  Chester,  but  at  Ches- 
terfield, black,  blue,  green,  and  red  occur.  So  at  Topsham  and 
Brunswick,  Me.,  the  coarse  granites  resemble  those  already 
referred  to.  Their  width  varies  from  one  inch  to  forty  or  fifty 
feet.  The  hills  of  primary  rocks,  of  which  these  coarse  veins  form 
a  characteristic  feature,  are  peculiar  to  the  New  England  states, 
extending  on  the  south  to  the  Long  Island  sound,  and  to  Maine 
on  the  north. 

The  coarse  granitic  beds  occur  at  numerous  places.  Chester, 
Russell,  South  Hampton  lead  mine,  Granville,  northern  New 
York,  Pennsylvania,  New  Hampshire  and  Maine.  The  feldspar 
is  white  and  bluish  white,  and  predominates  in  the  mass,  while 
the  mica  is  poorly  represented.     Feldspar  in  moderately  large 
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blocks,  of  a  flesh  red,  occur  at  Granville.  Another  coarse 
granite  is  found  in  Willi amsburgh,  Mass.,  in  which  the  mica  is 
plumose.  These  coarser  granites  are  frequently  porphyritic, 
and  the  feldspar  is  the  most  prominent  mineral;  but  these 
varieties  pass  into  the  finer  kinds,  and  also  into  gneiss,  and 
might  be  designated  by  the  descriptive  name,  granitic  gneiss. 
This  variety  is  well  exhibited  in  the  rocks  of  St.  Lawrence 
county,  N.  Y.,  where  the  granitic  rocks  are  more  frequently  of 
a  character  which  places  them  in  intermediate  positions.  The 
fine  granites  of  New  England,  fine  in  texture,  have  long  been 
known  at  Quincy,  Chelmsford,  Fitchburg,  and  Sharon.  In  Maine 
the  granites  are  both  fine  in  texture  and  fine  in  quality.  They 
form  the  caps  of  hills,  and  the  mass  not  being  remarkably  thick, 
it  has  frequently  been  removed,  exposing  the  gneiss  or  mica 
*  slate  upon  which  it  rested,  and  also  bringing  to  view  the  dykes 
through  which  the  molten  matter  had  reached  the  surface.  It  is 
probable  that  these  masses,  capping  the  hills,  have  been  greatly 
reduced  in  thickness  by  denudation.  Some  of  the  granites  are 
fine,  and  have  a  red  color  of  a  uniform  tint;  others  are  gray, 
with  a  greenish  tinge;  and  others  still  dark  green,  from  the 
presence  of  both  mica  and  hornblende.  It  is  unnecessary,  how- 
ever, to  attempt  to  describe  all  the  varieties  of  granites  of  this 
country.  Some  of  the  best,  for  building  stone,  belong  to 
the  gray  fine-grained  kinds,  which  flowed  through  narrow 
fissures  in  mica  slate  or  gneiss,  and  which  appear  to  have  over- 
spread large  areas,  as  those  beds  in  the  neighborhood  of  Augusta 
and  Hallowell,  in  Maine;  while  those  which  are  coarse  occur 
in  veins  in  gneiss  or  mica  slate.  These  usually  furnish  feldspar 
in  larger  blocks,  free  from  iron,  and  it  is  often  suitable  for  the 
manufacture  of  porcelain.  The  granites  whose  mica  is  in  large 
folia,  are  unsuitable  for  building,  or  works  of  construction.  The 
granites  of  the  Rocky  Mountain  range  resemble  the  common 
gray  and  flesh  colored  granites  of  New  England. 

§  53.  ^ge  of  granite.  Granite,  as  it  is  described  in  the 
foregoing  paragraphs,  may  or  may  not  be  connected  with  the 
oldest  masses  of  the  globe.     Its  age  and  position  is  indetermin- 
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able,  in  consequence  of  concealment  by  the  soil,  or  by  the  adja- 
cent rocks.  Fig.  5  illustrates  this  position.  If  a  complete  sec- 
tion of  a  hill  in  which  a  mass  of  granite  cropped  out,  it  might, 
disclose  granites  of  three  periods,  a,  b,  c  (Fig.  2,  p.  46),  but 
if  a  portion  oi^ly  of  the  mass,  a,  could  be  seen,  and  a  portion 
only  of  b,  it  would  be  difficult,  if  not  impossible,  to  say  whether 
the  two  masses  were  of  the  same  age  or  not.  Sir  Charles  Lyell 
has  demonstrated  that  the  oldest  granites  usually  rest  upon  the 
newer,  and  hence  the  term  hypogeney  the  nether  formed  rock. 
The  newer  rocks  may  be  connected  with  the  surface  by  dykes 
or  veins,  as  at  a.  In  this  case  the  masses  of  the  rock  with 
which  they  are  connected,  have  cooled  against  the  under  side  of 
a  more  ancient  mass.  Now  that  it  is  understood  that  cracks 
and  fissures  are  formed  in  the  rocks  by  cooling,  it  is  no  longer 
difficult  to  explain  how  veins  of  granite,  as  well  as  the  metal- 
liferous veins,  are  occasionally  found  in  sedimentary  as  well  as 
in  those  of  igneous  origin.  Those  rocks  which  repose  upon  an 
igneous  mass,  are  more  frequently  traversed  by  veins  than 
others  which  are  superimposed  upon  them,  proving  that  they  are 
nearer  the  source  whence  all  the  fused  materials  originate. 
The  age  of  granite,  whether  in  veins  or  in  dome-shaped  masses, 
can  be  determined  only  approximately.  If  a  mass  of  granite 
overlies  the  carboniferous  rocks,  it  is  certainly  as  new  as  those 
rocks,  but  it  is  possible  it  may  be  more  recent  than  the  trias,  or 
new  red  sandstone. 

Fig.  3. 


mimi 


Fig.  3  illustrates  a  small  mass  of  granite,  in  Chester,  Mass., 
where  the  bed  is  connected  with  two  veins  which  penetrate 
through  a  fine  mica  slate.  The  bed  itself  was  formed  undoubtedly 
by  an  overflow  of  granite  which  passed  through  the  vertical  veins. 
This  illustrates,  on  a  small  scale,  the  formation  of  some  of  the 
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large  beds  of  granite  in  Maine,  and  other  parts  of  the  country. 
We  have  not  as  yet  discovered  granite  as  new  as  the  cretaceous 
system  in  this  country,  while  in  the  Alps  this  rock  penetrates 
the  chalk  formation.  It  appears,  from  observation,  that  many 
of  the  most  imposing  outbursts  of  granite  were  accompanied 
with  important  changes  of  level  of  the  earth's  surface,  and  con- 
sequently affected  more  or  less  animal  and  vegetable  life. 

§  54.  Distribuiion  of  granite  in  the  United  States,  The 
granites  of  this  country  furnish  the  usual  varieties  which  have 
been  described  by  foreign  authors.  Two  of  the  most  common 
departures  from  the  normal  kind  is  composed  of  quartz  and 
feldspar,  the  mica  being  absent,  and  that  which  is  composed  of 
quartz,  feldspar,  and  hornblende  or  pyroxene — the  two  re- 
placing the  mica.  Whatever  change  the  rock  has  undergone, 
it  retains  the  massive  structure  of  granite.      A  less  common 

■ 

variety  receives  talc  in  the  place  of  mica,  and  is  called  proto- 
gene,  and  forms  that  kind  which  is  liable  to  decomposition, 
and  which  furnishes  one  of  the  porcelain  clays.  The  soda 
granite  at  Gouvemeur  contains  large  crystalline  masses  of  albite, 
though  frequently  in  perfect  hemitrope  crystals,  associated 
with  carbonate  of  lime. 

§  55.  Granites  of  northern  JVew  York.  In  northern  New 
York  the  granites  are  exceedingly  variable  in  composition.  In 
this  district  they  become  metalliferous,  and  in  this  respect  differ 
from  those  of  New  England.  In  Clinton  county  a  flesh-colored 
granite  is  traversed  by  lodes  of  magnetic  iron.  The  state 
prison,  located  in  that  county,  is  built  upon  lodes  of  this 
rock.  The  magnetic  iron  of  Arnold  hill,  in  the  same  county, 
is  in  the  same  rock.  One  vein  of  this  hill  is  a  peroxide.  The 
granite  of  St  Lawrence  county  is  in  part  similar  to  the  New 
Eiigland  granite,  particularly  that  variety  which  is  found  at 
Alexandria  bay.  It  forms  the  Thousand  islands  of  the  St.  Law- 
rence, and  contains  schorl  and  imperfect  garnets  and  epidote. 
The  most  common  kind  of  this  county  is  associated  with  lime- 
stone. It  is  underlaid  and  traversed  by  seams  or  veins  of 
coarse  crystallized  limestone.     The  rock  itself  is  also  coarser 
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than  it  usually  is.  It  is  also  the  repository  of  many  minerals^ 
The  peroxide  of  iron,  barytes,  strontian,  carbonate  of  stron- 
tian,  albite,  pyroxene,  hornblende,  fluorspar,  and  sulphurets  of 
iron  and  copper  belong  to  this  rock.  It  should  be  stated  that 
the  rock  decomposes  readily,  and  where  exposed  upon  the  lake 
or  river  shore,  becomes  cavernous.  The  ores  and  minerals 
occur  in  nests  and  strings,  which  run  out,  and  hence  has  ever 
proved  an  unsafe  rock  in  mining.  The  most  common  variety 
of  granite  occurring  in  the  low  ranges  of  the  Blue  ridge  is 
composed  of  feldspar  and  quartz.  It  is  always  in  irregular 
veins,  and  is  sometimes  auriferous.  In  other  respects  it  is  bar* 
ren  of  minerals,  and  in  decomposition  forms  a  porcelain  clay. 
It  is  common  in  Guilford,  Davidson,  Cabarros,  Mecklenburg, 
and  Rowan  counties,  in  North  Carolina,  and  is  associated  with 
greenstone  in  dykes.  A  similar  granite  occurs  in  Macon  and 
Cherokee  counties.  It  is  not  uncommon  in  the  Nantahala 
range,  a  spur  of  the  Blue  ridge. 

^  56.  Granites  of  the  JVew  England  states.  In  Vermont, 
granite  occupies  a  portion  of  the  eastern  slope  of  the  Hoosick 
Mountain  range.  It  does  not  appear  in  the  western  part  of  the 
range,  but  comes  in  east  of  Montpelier. 

Maine  furnishes,  however,  some  of  the  finest  fields  of  archi- 
tectural granite.*  It  is  light  gray,  of  fine  texture,  and  works 
easily.  Columns  from  thirty  to  fifty  feet  in  length  may  some- 
times be  split  out  from  the  quarry.  The  granite  of  Ilallowell 
lies  in  sheets  or  thick  laminae,  which  may  be  reduced  to 
columns  by  splitting  in  lines  parallel  with  the  grain  of  the 
rock.  These  granitic  beds  may  be  said  to  be  sheeted,  in  con- 
sequence of  the  easy  and  ready  cleavage  of  the  mass  on  a  large 
scale.  Indeed,  it  is  a  spontaneous  separation  into  laminae, 
varying  in  thickness  from  one  to  three  feet.  It  is  not  well 
determined  how  the  granite  received  this  peculiar  structure. 
It  is  probable,  however,  that  it  owes  its  sheeted  structure  to 
its  flow  at  the  time  of  its  eruption,  and  the  consequent  cooling 


^  Juckson's  Maine  Reports. 
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of  the  mass.  It  approaches  gneiss  in  its  structure,  but  differs 
from  it  in  Avanting  the  arrangement  of  the  mica  planes*  This 
example,  however,  proves  that  a  sheeted  structure  is  not  due 
to  the  action  of  water,  and  was  never  arranged  into  beds  like 
the  sedimentary  rocks. 

The  granites  of  the  New  England  states  He  in  ranges, 
inclined  upon  the  eastern  slope  of  the  Hoosick  Mountain  range* 
At  the  south-western  corner  of  Vermont  a  field  of  granite  forms 
a  portioD  of  the  western  side  of  the  Hoosick  mountain,  upon 
which  repose  the  lower  members  of  the  Taconic  system.  But 
most  of  the  New  England  granite  lies  adjacent  to  the  Atlantic 
coast.  It  is  divisible  into  those  granites  which  have  been 
erupted  from  comparatively  narrow  fissures  in  gneiss,  mica 
slate,  and  an  older  granite,  or  those  granites  which  have 
erupted  from  fissures,  but  which  seem  to  have  overflowed  wider 
areas,  and  whose  structure  is  more  or  less  sheeted,  like  the 
granite  of  Hallowell  in  Maine;  and  lastly,  those  granites 
which  are  still  more  widely  spread,  and  more  ancient  than  the 
preceding.  It  is  impossible,  however,  to  draw  lines  of  distinc- 
tion between  the  last  two  kinds  of  granite,  except  when  the 
last  is  traversed  by  the  preceding  granites  in  veins. 

§  57.  Granites  of  the  Appalachians.  The  granites  and 
sienites  of  the  southern  Highlands  upon  the  Hudson  river 
resemble  those  of  New  England.  They  pass  southerly  into 
Pennsylvania,  some  of  which  contain  zircons  and  octahedral 
iron.  In  the  county  of  Philadelphia  the  gneiss  and  mica  slate 
is  traversed  by  coarse  veins  of  granite,  the  feldspar  of  which 
decomposes  into  kaolin.  So  near  Manayunk,  the  mica  slate 
which  abounds  in  garnets  is  intersected  by  numerous  veins  of 
granite,  in  which  feldspar  predominates.  Chester  and  Lancas* 
ter  counties  furnish  numerous  localities  of  granite. 

In  Virginia,  granite    and   sienite  are   not   common  rocks 
Those  which  occur  form  a  part  of  the  Blue  ridge.     Both  occur 
in  Halifax  and  Campbell  counties  on  Staunton  river  and  Whip- 
ping creek;  also  on  James  river  four  miles  above  Greenway. 
This  is  a  formation  of  sienite,  and  is  well  adapted  for  works 
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of  construction,  dams,  culverts,  yiaducts,  &c.  It  extends  many 
miles  in  length.  Granites  only  slightly  elevated  above  the 
general  level  of  the  country  form  a  low  and  rather  continuous 
ridge,  extending  through  Virginia,  North  and  South  Carolina. 
This  ridge  forms  the  first  waterfall  of  the  Rappahannock, 
James,  Roanoke,  Tau,  Neuse,  and  Cape  Fear  rivers.  It  is 
often  a  variety  which  may  be  called  a  gneiseoid  granite. 

Granite  underlies  in  part  the  counties  of  Guilford,  Davidson, 
Rowan,  Mecklenburg,  and  Lincoln.  The  belt  extends  south 
into  South  Carolina.  But  a  compound  of  feldspar  and  quartz  is 
one  of  the  most  common  rocks  at  the  base  of  the  Blue  ridge. 
Granite  is  by  no  means  a  common  rock  in  the  higher  parts  of 
the  Hoosick  mountain  and  the  Blue  ridge.  The  most  common 
rocks  of  these  high  ranges  are  mica  and  talcose  slates,  hornblende 
and  gneiss. 

On  the  west  side  of  the  Blue  ridge  granite  is  equally  Rcarce, 
and  when  it  occurs  it  is  mostly  in  veins,  and  consists  of  quartz 
and  feldspar,  a  rock  which  is  sometimes  extensive.  It  decom- 
poses, and  forms  a  great  abundance  of  white  clay.  About  four 
miles  west  of  Ashville,  Buncombe  county,  a  handsome  granite 
suitable  for  architecture  crops  out  and  crosses  the  road;  but 
most  of  the  rocks  skirting  the  French  Broad  river  are  gneiss 
and  mica  slate.  Granite  occurs  four  miles  east  of  the  Warm 
springs:  it  rises  in  a  dome-shaped  mass,  and  supports  quartz 
and  slate  rocks,  the  lower  members  of  the  Taconic  system. 
South-westward  and  westward  from  the  Warm  sprinpjs  all  the 
rocks  to  the  Mississippi  river  belong  to  the  sedimentary  class. 
Granites  of  the  same  kind  and  character  appear  in  Macon  and 
Cherokee  counties,  and  from  thence  they  extend  into  Georgia. 
They  never  form  large  and  important  masses  among  the  rocks. 
To  the  south-west  and  west  of  the  Mississippi  granite  occurs, 
and  forms  in  part  a  low  range  of  mountains,  which  have  been 
called  the  Ozark  mountains.  Their  tops  rise  like  islands  in  the 
midst  of  cretaceous  seas.  In  the  Thousand  isles  of  the  St.  Law- 
rence, and  so  onward  to  the  west  in  the  Lawrentine  chain, 
granites  and  sienites  are  far  more  common  than  in  the  Appa- 
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lachian  range.  This  range  is  flanked  on  all  sides  with  the 
oldest  sedimentary  rocks.  In  the  British  provinces,  Nova 
Scotia  and  New  Brunswick,  granites  resembling  those  of  Maine 
are  well  known.  They  range,  with  some  intermission,  from 
Canso  to  Halifax,  bordering  a  low  rocky  coast. 

§  58.  Granites  of  Oregon  and  Califomia.  Granite  of  several 
kinds  is  a  constituent  part  of  the  great  mountain  ranges  of  Oregon 
and  California.  It  is  associated  with  traps,  basalts,  sienites, 
and  mica  and  talcose  slates.*  According  to  Dr.  Pickering, 
granite  forms  a  part  of  the  Cascade  mountains,  having  met 
with  it  about  twenty  miles  north  of  mount  Rainier.  The  sum- 
mit of  the  pass  of  this  range  is  however  trachyte.  North  of 
Okanagan,  and  east  of  fort  Colville,  granite  is  the  prevailing 
rock.  But  it  occupies,  according  to  Dr.  P.,  an  anomalous 
position,  the  summit  of  the  range  being  formed  of  basalt  or 
trap,  while  the  sides  only  are  granitic.  Farther  south,  accord- 
ing to  Professor  Dana,  or  between  Oregon  and  San  Francisco, 
albitic  granite  is  a  common  rock  of  the  principal  ranges, 
especially  of  the  Shasty  mountains.  This  is  sometimes  porphy- 
ritic  The  color  of  the  granite  is  usually  light,  and  fine 
grained,  constituting  a  firm  mass,  and  little  subject  to  decom- 
position; though  when  changed  it  is  as  white  as  chalk.  Some- 
times the  albite  is  red.  The  rock  is  barren  of  minerals.  The 
Rocky  Mountain  range  has  its  share  of  granite  in  its  composi- 
tion, though  sedimentary  rocks  reach  the  principal  passes  of 
the  chain  on  the  eastern  slope. 

§  59.  Granites  of  lake  Superior.  The  northern  side  of 
lakes  Superior  and  Huron,  together  with  the  highlands  of 
Wisconsin  and  Michigan,  and  between  the  Upper  Mississippi 
and  Michigan  and  Superior,  is  another  extensive  field  of  eruptive 
rocks,  among  which  granitic  and  sienitic  protrusions  are  very 
numerous.  It  is  a  region  covered  with  drift,  and  hence  no 
small  parts  of  the  rocks  are  hidden  from  view. 


•  Dana^s  Report  U.  S.  Exploring  Expedition. 
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SIENITE.  , 

§  60.  Sienite  is  a  granite  in  which  hornblende  takes  the 
place  of  mica.  This  is  more  abundant  than  mica.  The  latter 
may  be  present  in  small  quantities,  and  it  may  be  absent. 
This  rock  in  to  be  distinguished  from  hornblende  rock,  how- 
ever, by  tlie  absence  of  lamination.  Its  structure  is  granitic  in 
the  true  sense  of  the  word.  Taking  g;ranite  as  the  type  of 
sienite,  it  may,  like  the  former,  be  divided  into  varieties,  either 
by  the  absence  of  one  of  its  elements,  or  by  the  form  or  shape 
which  one  of  its  elements  has  assumed. 

§  61.  Feldspar  and  hornblende.  By  reference  to  the  compo- 
sition of  greenstone,  it  will  be  seen  that  this  is  also  composed 
of  the  same  substances,  but  the  particles  in  greenstone  are 
minute,  and  unless  it  is  porphyrittc,  it  appears  homogeneous. 
But  this  variety  is  made  up  of  distinct  particles  of  hornblende 
and  feldspar.  There  is,  however,  a  gradation  of  this  variety 
into  greenstone,  or  an  approach  to  greenstone.  This  fact  may 
be  observed  at  Nahant  in  Massachusetts. 


■,  b  Gra 


Sienite  and  granite  are  often  associated  with  limestone. 
Orange  and  St,  Lawrence  counties  furnish  many  inslances:  tig. 
4  is  an  example  of  the  relation  of  (he  two  rocks  at  Fowler,  St, 
Lawrence  county.     The  figure  shows  the  structure  of  granite. 

That  limestone  is  strictly  a  pyrocrystalline  or  eruptive  rock 
at  all  the  localities  which  I  have  cited,  appears  from  (be  fact 
that  where  it  is  in  contact  willi  the  Potsrlani  sandstone  the 
tatter  rork-  is  i-itrified.     It   hiis  lost   its  yiannlar  structure,  and 
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near  its  junction  with  limestone  it  has  become  porous,  preserv- 
ing at  the  same  time  its  vitrified  character,  and  its  disposition 
to  break  with  a  conchoidal  fracture.  Its  luster  is  resinous 
rather  than  vitreous.  One  of  the  most  interesting  localities  is 
at  Theresa  on  Indian  river.  The  junction  of  these  rocks  may 
be  observed  in  a  gorge  below  the  falls  of  the  river.  Many 
interesting  points  are  exposed  in  the  vicinity  of  this  place, 
either  in  the  iron  mines  or  the  various  ravines  connected  with 
the  creeks  in  the  vicinity. 

Fig.  5, 


1  1  Gneitt,  2  2  Primary  Limettene,  3  3  Potsdam  Sandstone,  changed  at  its 
junction  with  the  limestone  into  vitrified  quartz. 

The  common  kind  of  sienite  is  composed  of  feldspar,  quartz, 
and  hornblende,  arranged  as  the  minerals  are  in  a  true  granite. 
The  quartz  is  usually  a  light  smoke  gray,  the  feldspar  is  also 
usually  gray;  but  in  some  cases  the  latter  is  red.  These  min- 
erals are  mixed  uniformly  together,  and  the  individuals  are 
smalL  If  mica  is  present,  it  does  not  materially  alter  the 
appearance  or  character  of  the  rock:  ususally  both  are  black 
and  in  small  particles.  The  whole  compound  will  be  fine- 
grained, and  in  this  condition  constitutes  a  good  building  stone. 

^  62.  PorphyrUic  sienite.  The  feldspar  in  this  variety 
appears  in  large  individuals,  imbedded  in  a  finer  groimd. 
Either  of  the  preceding  varieties  may  pass  into  this  by  a  change 
in  the  size  of  the  particles  of  feldspar. 

Sienite  occurs  in  Orange,  Essex,  and  Clinton  counties  in 

New  York,  and  in  several  counties  in  the  eastern  part  of 

Massachusetts,  particularly  in  the  vicinity  of  Boston.     So  also 

sienite  is  a  common  rock  in  Pennsylvania,  Virginia,  and  North 

and  South  Carolinas.    In  Virginia  it  occurs  in  Nelson  and 

10 
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Augusta  counties,  forming  one  of  the  rocks  of  the  Blue  ridge , 
where  it  is  associated  with  gneiss  and  granite.  At  this  place 
it  is  a  dark  gray  porphyritic  rock,  and  contains  epidote.  In 
North  Carolina  it  forms  a  wide  belt,  running  northeast  and 
southwest  in  Randolph  county,  and  on  towards  the  narrows  of 
the  Yadkin.  It  is  a  black  tough  rock,  in  which  hornblende 
predominates,  and  in  which  quartz  is  only  sparsely  scattered 
through  it. 

The  rock  quarried  at  Quincy,  Cape  Ann,  and  at  other  places 
in  the  eastern  part  of  Massachusetts,  and  which  is  so  well 
adapted  for  columns  and  the  walls  of  buildings,  is  more  closely 
allied  to  the  true  granites.  These  are  not  tough  and  difficult 
to  be  quarried,  because  the  hornblende  is  never  in  excess. 

To  the  foregoing  varieties  there  might  be  added  a  pyroxenic 
sienite — a  kind  in  which  pyroxene  forms  a  perceptible  part 
of  the  rock.  Sienite  is  more  closely  related  to  greenstone  ihan 
to  the  ordinary  granites,  and  it  often  passes  into  the  former  rock. 

HYPERSTHKNE  ROCK. 

§  63.  This  rock  is  regarded  as  a  granite.  In  constitution  it 
diffiprs  from  the  common  granites  in  being  composed  of  labra- 
dorite,  feldspar,  and  hyperslliene,  the  last  of  which  is  allied  to 
hornblende.  The  feldspar  contains  lime  and  soda.  Its  conipo- 
sition  has  already  been  given.  The  color  of  this  rock  is  usually 
a  smoke  gray.  The  color  of  the  labradorite,  however,  deter- 
mines the  color  of  the  rock.  It  has  the  usual  granitoidal 
structure.  This  results  from  the  crystallization  of  the  feldspar, 
a  portion  of  which  is  fine,  and  represents  the  base,  in  which 
there  is  imbedded  individuals  of  a  large  cleavable  size.  These 
cleavable  individuals  present  very  frequently  a  beautiful  opal- 
escence of  bronze,  yellow,  blue,  and  green  colors.  In  the 
mechanical  arrangement  of  its  particles  of  composition  it 
resembles  a  porphyry;  but  the  rock  chemically  considered  con- 
sists mostly  of  labradorite,  the  hypersthene  being  extremely 
rare  in  it.  The  rock  is  destitute  of  mica,  and  almost  of  quartz; 
and  if  quartz  and  common  feldspar  occur,  they  are  subordinate 
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to  it.  The  characteristics  of  the  rock  are  derived  from  the 
labradorite.  Hornblende  and  pyroxene  both  replace  the  hyper- 
sthene  at  certain  localities*  This  rock,  when  changed  by  the 
action  of  the  weather>  becomes  light  colored,  and  resembles  the 
gray  granites.  The  atmosphere  acts  upon  the  rock  in  stripes 
or  bands,  which  run  in  the  direction  of  the  natural  joints. 
The  action  of  the  atmosphere,  rains,  and  frosts  is  as  great  as 
upon  any  of  the  known  granites.  Upon  the  tops  of  the 
Adirondacks  large  masses  are  strewed  over  the  surface  like 
huge  boulders,  but  still  in  situ  having  been  quarried  out  by 
atmospheric  agencies  alone. 

There  are  but  few  varieties  of  hypersthene  rock  which  are 
worthy  of  special  notice,  of  which  the  following  are  the  most 
important: 

1.  The  first  is  composed  wholly  of  labradorite,  though  to  the 
eye  it  has  the  aspect  of  being  made  up  of  tw^o  distinct  minerals. 

2.  Labradorite  and  hornblende.  The  hornblende  takes  the 
place  of  hypersthene,  though  sometimes  the  latter  is  still 
present. 

3.  Labradorite,  hornblende,  and  epidote.  The  latter,  how- 
ever, never  occurs  in  sufficient  quantity  to  change  the  character 
of  the  rock. 

4.  Granular  labradorite  and  mica.  This  variety  is  quite 
dark,  and  resembles  a  trap.  The  mica  is  in  tufted,  radiated 
masses,  and  almost  black*  It  occurs  usually  at  the  junction  of 
the  rock  with  gneiss. 

Magnetic  iron  in  grains  is  diffused  or  disseminated  through 
the  rock.  It  is  black,  with  a  resinous  luster.  Its  obedience  to 
the  magnet  serves  to  distinguish  it  from  other  dark-colored 
minerals. 

Hypersthene  rock  is  traversed  by  a  double  system  of  joints, 
in  consequence  of  which  it  often  appears  in  the  process  of 
separating  into  large  tabular  masses.  One  set  of  joints  run  S. 
&  W.  The  separation  of  tabular  masses  is  frequently  in  the 
direction  of  the  slope  or  side  of  the  mountain  where  the  rock 
occurs.     A  separation  of  the  masses  also  often  takes  place  in 
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the  yeios  of  segr^atioiiy  and  the  rock  abo  oracka  into  wedge- 
form  maases. 

Like  other  granites,  this  rock  decomposea,  and  forma  a  day, 
which  is  quite  refractory  in  the  fire;  but  it  is  never  ao  white  aa 
the  purest  porcelain  clays.  In  this  natural  or  qx>ntaneoaa 
analysis,  most  if  not  all  of  the  granites  jfumish,  in  connection 
with  the  pure  aluminai  oxide  of  iron,  peroxide  of  manganeacy 
and  crystallized  silica. 

The  hypersthene  rock  is  confined  mostly  to  northern  New 
York.  The  western  part  of  Essex  county  is  made  up  entirely 
of  this  rock.  It  forms  all  of  that  group  of  mountains  in  this 
part  of  the  state  which  are  known  as  the  Adirondacka.  A 
train  of  bowlders,  derived  firom  this  cluster  of  mountains, 
passes  through  Amsterdam,  thirty  miles  west  of  Albany.  It 
extends  to  Orange  county.  Another  train  of  bowlders  range 
along  the  St  Lawrence  in  St  Lawrence  county.  New  York. 
This  train  came  fnmi  another  group  of  mountains  fiaur  to  the 
north  or  ncnrtheast,  probably  Labrador.  It  has  no  connection 
with  the  Adirondacks. 

This  rock  receives  a  fine  polish,  and  would  form  beautiful 
tables  and  other  ornamental  articles  of  furniture.  The  most 
important  mineral  associated  with  this  rock  is  the  magnetic 
iron  ore.  Prehnite,  chalcedony,  and  albite  are  found  in  this 
rock,  though  by  no  means  abundantly.  It  is  poor  in  minerals. 
It  contains  subordinate  beds  of  pyrocrystalline  limestone,  which 
are  rich  in  minerals:  those,  for  example,  which  are  common  to 
it  when  it  is  associated  with  other  rocks. 

The  area  which  this  rock  covers  is  small  when  compared 
with  the  common  varieties  of  granite.  In  the  United  States  it 
is  mostly  confined  to  the  region  occupied  by  the  Adirondacks: 
though  I  have  observed  a  few  small  patches  in  other  parts  of 
New  York,  they  are  too  inconsiderable  to  require  a  notice  in 
this  place.  It  is  impossible  to  determine  even  approximately 
the  age  of  this  rock.  It  is  isolated  and  disconnected  with 
fossiliferous  rocks.  The  elevation  of  the  Adirondacks,  how- 
ever, was  probably  subsequent  to  the  consolidation  of  all  the 
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lower  Silurian  rocks.  Upon  lake  Cbamplain  the  evidence  of 
movements  of  a  much  later  date  are  fully  established.  The 
fact  that  these  movemeuts  have  taken  place  since  the  drift,  was 
made  koovn  long  ago  In  the  reports  of  the  New  York  survey. 
It  can  not  be  determined  whether  they  extended  to  the  central 
mass  of  mountains,  situated  between  lake  Cbamplain  and  the 
St.  Lawrence.  All  that  portion  however  of  the  hypersthene 
rock  which  extends  to  the  lake  has  been  raised  about  five 
hundred  feet  since  the  drift  ))eriod. 

PTBOCRI STALLING  LIMESTONE. 
^  64.  Primary  limestone — metamorpkic  limestone  in  part. 
There  can  be  no  doubt  that  limestone  occurs  among  the  most 
ancient  consolidated  rocks  of  the  globe.  The  investigations 
which  I  made  sixteen  years  ago  satbfied  me  on  this  point.  At 
that  time  no  one  had  entertained  this  view  in  this  country.* 
The  rock  is  coarsely  crystalline,  usually  white,  or  gray,  or 
greenish,  rarely  blue.  It  occurs  in  beds  beneath  granite,  and 
Fig.  8. 


trequently  underlies  and  penetrates  it  as  in  fig.  6:  a  limestone, 
b  granite.  The  locality  where  it  may  be  observed  beneath 
granite  is  one  and  a  half  or  two  miles  south  of  Clintonville, 

•  New  York  GMlagical  Bapott  tat  1636,  Tor  th«  aorthera  diitiict. 
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New  York.  The  liae  of  demorintion  between  the  two  locki  ii 
pCTfecUy  distinct  Its  occurrenoe  in  Teina  in  granite  (figg.  7  and 
8)  is  concliuive  of  its  igueoui  originj  it  proves  that  like  granite 
it  has  undergone  fusion,  and  has  been  injected  into  craoki  anj 
fisaorea  of  the  superincumbent  rock. 
Fl,.  I. 


Fig.  7^-WTround  plan  of  a  sTstem  of  veins  in  granit«,  li 
they  occur  at  Gouverneur,  St.  Lawrence  county.  New  York. 
These  veins  extend  for  many  rods  in  length,  and  ramify  in 
manner  similar  to  granitic  veins.  Many  localities  occur  in  St, 
Lawrence,  Jefferson,  and  Essex  counties.  They  furnish  an 
arrangement  different  from  the  foregoing,  but  in  keeping 
with  it. 

Fig.  8. 


Fig.  8  shows  a  vertical  section  of  portions  of  the  same  vein, 
where  they  terminate  laterally  in  a  broken  ledge  of  granite, 
showing  that  they  descend  into  the  mass  of  granite,  or  in  other 
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words,  the  mass  was  erupted  through  cracks  or  fissures  in  the 
cock. 

It  contains  scapolite,  hornblende  and  pyroxene,  spinelle, 
octahedral  iron,  fer-olgiste,  graphite,  mica,  talc,  phosphate  of 
lime,  brown  tourmalin,  serpentine,  &c.  The  districts  of  this 
variety  of  limestone  are  limited.  In  St.  Lawrence  and  Jefferson 
counties  it  occurs  just  within  the  band  of  the  lower  Silurian 
rocks;  in  Essex  and  Clinton  counties,  at  Moriah  and  near  Clin- 
tonville;  also  in  the  western  parts  of  Essex  and  eastern  part 
of  Hamilton  counties,  in  the  vicinity  of  the  Adirondack  iron 
works;  in  Canada  West,  also,  twenty  miles  west  of  Ogdens- 
burg.  Thb  district  is  identical  with  that  of  St.  Lawrence  and 
Jefferson  counties.  The  granite  of  the  Thousand  islands  lies 
between  the  two  districts,  and  is  entirely  destitute  of  limestone 
of  this  kind  and  the  minerals  it  contains.  In  Orange  county. 
New  York,  and  the  adjacent  part  of  New  Jersey,  Sussex  county, 
primary  limestone,  containing  spinelles  and  most  of  those  min- 
erals already  noticed,  forms  a  band  of  considerable  extent. 
The  red  oxide  of  zinc,  sapphire,  and  chondrodite  are  minerals 
which  have  not  as  yet  occurred  elsewhere,  excepting  the  latter, 
which  is  found  in  small  quantities  only  in  northern  New  York. 

Fig.  9. 


a  Potidain  and  Calciferouf  Sandrock,  1  1  Hornblende,  2  2  Limestone,  3  3 

Gneiss. 

In  structure  this  rock  scarcely  differs  from  granite.  It  is 
subject  to  disintegration,  and  suffers  more  from  the  action  of 
atmospheric  agents  than  granite.     It  has  been  maintained  that 
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th^  limegtones  under  coosidentkn  are  m€^ 
Sihurian  altered  hj  heat  Thai  this  yiew  is  incorrect  afipeara 
firom  the  fret,  that  in  St  Lawrence,  county  the  Fdtadam  sand- 
itone  actually  orerlies  it  Fig.  9  represents  a*  Uuff  of  lima* 
stone  and  other  primary  rocks  at  Port  Heniy^  in  Essex  county. 
New  Yorl^  against  which  flie  Potsdam  and  csdciferous  sandrodk 
reposesL  The  relation  of  these  masses  is  far  from  bang  in 
accordance  with  the  metamorphic  doctrine. 

Fif.  10.  Insulated  masses  of  hcmi* 

blende  often  occur  in  primaiy 
.  limestone.  Sometiiii«  tfa«y 
appear  in  quadrangular  rimpesy 
and  in  other  cases  their  fenns 
are  irregular,  as  represented 
by  fig.  10. 

•  Lioiflfloiis,  &  Boraldeiidb, 

The  same  Tiew  of  the  origin  of  limestime  is  siqppcrted  by 
the  occurrence  of  it  in  hypersthene  rock  at  Long  pond,  in  . 

Essex  county.  It  is  an  oblong  mass  sixty  feet  wide,  extending 
nearly  north  and  south  down  the  face  of  a  precipitous  ledge  of 
rock.     It  is  rich  in  pyroxene  and  scapolite. 

The  metalsy  their  oxides  or  sulphurets,  though  not  very  com- 
mon in  this  limestone,  have  usually  run  out,  and  like  the  granite 
associated  with  it,  it  has  proved  an  unsafe  rock  for  mining. 
There  is  one  exception,  however,  in  the  franklinite  and  red 
oxide  of  zinc.  The  specular  oxide  of  iron,  which  is  common 
and  very  beautiful  in  St.  Lawrence  county,  is  often  insulated 
and  removed  entirely  from  its  bed;  and  it  has  been  as  yet 
impossible  to  recover  the  bed  or  vein  when  once  lost. 

The  condition  of  the  simple  minerals  in  limestone  is  worthy 
of  special  notice.  The  phosphate  of  lime,  though  softened  with 
difficulty  in  the  flame  of  the  common  blowpipe,  is  apparently 
acted  upon  by  heat;  the  edges  and  angles  are  rounded  or 
flattened,  as  if  it  had  been  in  a  pasty  state  since  it  had  assumed 
its  prismatic  form.  The  quartz,  which  is  often  imperfectly 
cr}'stallized  in  its  usual  form,  has  its  angles  and  edges  rounded 
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also;  but  when  in  its  most  characteristic  condition,  it  is  more 
like  a  furnace  slag  than  a  crystal.  Many  pieces  look  as  if 
while  softened  they  had  been  drawn  out  or  extended.  Some- 
times, again,  the  quartz  has  assumed  a  globular  form,  or 
the  shape  of  a  slag  or  of  a  bead.  Notwithstanding,  however, 
the  similarity  of  the  masses  of  quartz  to  furnace  slag,  it  may 
not  prove  that  those  forms  and  conditions  are  due  to  heat;  for 
globular  quartz  has  been  found  in  the  calciferous  sandrock,  in 
which  case  it  can  not  be  referred  to  heat  as  a  cause.  Still,  in 
the  case  of  primary  limestone,  the  circumstances  are  such  as  to 
favor  the  views  I  have  expressed,  and  that  the  appearance  of 
the  masses  referred  to  may  be  regarded  as  evidences  of  the  fact 
Crystals  imbedded  in  this  rock  often  contain  large  particles 
of  limestone  in  their  interior.  Pyroxene,  quartz,  phosphate  of 
lime,  and  brown  tourmalin  are  rarely  free  from  this  substance. 
Tlie  cavities  containing  the  limestone  are  never  angular,  but 
always  rounded.  The  imperfections  of  the  crystals  are  due 
mainly  to  this  cause.  All  the  large  crystals  especially  are  sub- 
ject to  these  faults,  even  the  zircons,  spiuelles,  and  corundums 
are  liable  to  them.  I  have  noticed  three  districts  in  northern 
'Hew  York  where  this  rock  forms  the  most  striking  feature  in 
the  geology  of  each:  1.  That  of  Jefferson  and  St.  Lawrence 
counties,  which  has  been  already  referred  to;  2.  Essex  county, 
near  lake  Champlain,  which  may  be  traced,  with  very  slight 
interruptions,  into  Warren  county,  forming  a  belt  which  runs 
northeast  and  southwest;  and  3.  Orange  county.  This  last 
district  extends  into  Sussex  county.  New  Jersey,  and  forms  a 
remarkable  series  of  minor  belts,  which  are  prolonged  to  the 
southwest.  In  these  three  disti*icts  the  limestone  is  very  coarse 
and  crystalline.  Its  true  structure  is  like  that  of  granite,  and 
the  lamination  is  generally  obscure.  Another  and  independent 
belt  belongs  to  the  Hoosick  Mountain  range.  The  beds  crop 
out  at  intervals  from  Canada  to  Long  Island  sound.  Their 
form  is  oblong,  and  the  structure  of  the  masses  crystalline. 
TTiey  are  in  gneiss,  and  very  frequently  in  close  relation  with 

hornblende.    These  beds  are  laminated,  partaking  of  the  structure 

11 
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of  the  ropks  to  which  thef  are  subordiiiale.  Another  bdit  of 
the  saine  character  lies  west  of  the  Highlande,  ezte^n^  "^^^ 
through  Orange  county  into  Shmez  coimfygNew  Jersej.  In 
a)l  these  belts  it  is  accompanied  with  serpentine^  and  in  aU 
these  localities  the  rock  is  massiye  or  only  obscurely  VmiM^jM^^ 
At  Franklin  fumaoe,  firanklinite  and  the  red  oxide  of  sine  are 
largely  develq>ed  in  this  rock. 

In  Chester  and  Lancaster  counties,  PennqrlTania,  this  rock 
is  yery  conunon.  It  contains  serpentine^  dumdroditei  pyrox- 
ene*  aphene,  zircon^  quartz,  amphibole,  cofunduni»  graphite^  lie. 
This  rock  is  white  ciystalline,  and  contains  carbonate  of  mag- 
nesia in  many  of  the  localities  whidi  hare  been  cited.  It  lies 
in  we^ge-forin  masses,  and  disappears  after  being  apparent  at 
the  surfiMse  for  a  &w  miles.  It  occurs  in  belts,  whose  direc- 
tion is  southwest  and  northetot 

Passing  into  Virginia,  ranges  of  limestone  skirt  the  eastern 
base  of  the  Blue  ridge,  one  olf  which  passes  through  Albe- 
marle county.  They  may  be  regarded  as  formii^  s^eral 
subordinate, belts  between  Lynchburg  on  the  west,  and  the 
region  of  the  marls  on  the  east.  They  are  composed  of  oblong 
or  wedge-form  masses,  as  in  Pennsylvania.  They  are  confined 
to  the  shistose  and  laminated  rocks,  as  talcose  and  mica  slate 
and  hornblende.  These  beds  are  exposed  to  a  much  greater 
extent  than  at  many  other  sections  of  the  state,  in  consequence 
of  the  winding  of  the  rivers  which  intersect  the  formations.  In 
North  Carolina  the  limestone  rocks  are  extremely  rare;  two 
ranges,  however,  traverse  the  state  from  northeast  to  south- 
west. Beginning  in  Stokes  county,  it  is  found  crossing  the 
Yadkin,  passing  onward  to  Lincolnton  in  the  direction  of  Kings 
mountain  into  South  Carolina.  Another  belt  belongs  to  the 
Blue  ridge,  and  has  been  observed  in  Burke  and  Marion 
counties.  Buncombe  and  Hayward  counties. 

The  ranges  of  pyrocrystalline  limestone  which  have  been 
very  briefly,  and  probably  imperfectly,  traced  through  Pennsyl- 
vania, Virginia,  and  North  Carolina,  belong  to  the  laminated 
and  schistose  rocks;  and  they  are  less  coarse  and  crystalline 
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than  those  of  New  Jersey  and  New  York,  which  contain  some 
of  the  rarer  minerals,  as  zircon,  sapphire,  spinelle,  and  brucite. 
Still  all  these  limestone  beds  must  be  regarded  as  belonging  to 
tiie  eruptive  class.  Those  which  are  found  in  the  first  three 
states  mentioned,  resemble  the  beds  in  the  Hoosick  range, 
which  pass  through  the  eastern  part  of  Berkshire  and  western 
part  of  Hampshire  in  Massachusetts.  We  should  at  any  rate 
not  confound  them  with  the  Vermont  and  Berkshire  marbles, 
which  belong  clearly  to  the  sedimentary  series,  and  which  are 
continuous  and  persistent  through  areas  of  great  length.  It  is 
perhaps  not  easy  to  distinguish  them  in  hand  specimens,  or  in 
the  cabinet,  but  their  associations  in  the  field  attest  the  forma- 
tion to  which  they  belong.  Geographical  position  often 
obscures  the  relations.  For  example,  the  beds  of  dolomite  in 
Dalton  and  Washington  are  pyrocrystalline  or  primary  lime- 
stones, while  those  of  Pittsfield,  only  four  miles  to  the  west, 
belong  to  the  Taconic  system,  or  to  the  sedimentarv  class. 
The  rocks  can  not  be  distinguished  from  each  other  by  their 
lithological  characters,  and  both  are  not  unfrequently  regarded 
as  metamorphic;  but  the  former  stand  in  the  same  relation  to 
metamorphism  as  granite  and  gneiss.  The  latter  have  no  doubt 
undergone  a  change  in  their  lithological  characters,  but  it  is 
not  necessary  to  infer  that  the  agent  which  induced  the  change 
was  heat.  Those  geologists  who  refer  all  changes  in  structure 
and  texture  to  heat,  take  only  a  partial  view  of  the  forces 
which  act,  and  which  have  acted  upon  the  earth's  crust.  A 
comprehensive  view  of  the  cause  of  structural  change  in  rocks 
is  of  great  value  in  geological  reasoning,  and  we  are  thereby 
enabled  to  account  for  those  changes  when  collateral  facts  forbid 
the  agency  of  fire.  The  view  which  I  have  presented  of  the  ori- 
gin of  those  masses  of  limestone  so  common  in  St.  Lawrence, 
Essex,  and  Orange  counties.  New  York,  in  modified  forms,  two 
of  which  are  prolonged  into  southern  states,  is  consistent  with 
known  facts.  1.  The  position  of  many  of  these  masses  is  such 
that  they  can  not  be  referred  to  the  lower  Silurian  limestones, 
as  has  been  attempted  by  several  eminent  geologists.     2.  From 
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the  great  extent  of  the  sedimentary  limestones  it  will  fbllov 
that  these  must  have  been  formed  from  preexisting  limestODes, 
which  once  belonged  to  the  original  constitution  of  the  earth's 
crust.  We  must  go  back  to  their  primary  condition  and  posi- 
tion in  the  earth's  crust.  No  one  at  the  present  day  pretenda 
that  limestone  is  an  organic  product  in  the  strict  meaning  of 
the  word.  Is  it  not  better,  then,  when  we  find  a  limestone  occu- 
pying those  relations  which  forbid  the  adoption  of  the  view 
that  it  is  a  changed  rock,  to  place  it  with  those  masses  with 
which  it  is  associated?  And  suth  is  the  position  and  relation 
of  all  those  masses  of  limestone  which  I  have  described  under 
this  head,  that  they  can  not  be  referred  to  the  Silurian  system 
without  doing  unnecessary  violence  to  the  relations  which  they 
naturally  sustain. 

SEKPENTINE. 
^  65.  It  is  green;  the  variety  of  shades  being  numerous, 
passing  into  black  on  one  side,  and  on  the  other  into  very  pale 
green.  It  is  sometimes  brown.  Ita  grain  is  always  fine,  and 
in  this  respect  there  is  a  very  great  uniformity  in  all  its  varie- 
ties. It  is  never  coarse  like  certain  varieties  of  limestone,  and 
if  columnar,  as  at  Lowell  and  Newfane,  Vt.,  and  Middlesex  and 
Cununington,  Mass.,  the  individuals  are  extremely  slender, 
passing  into  asbestus.  The  rock  is  homogeneous,  and  is  both 
massive  like  granite,  and  laminated  like  gneiss,  and  hence  be- 
longs to  both  divisions  of  the  pyrocrystallioe  rocks.  The  mas- 
sive kinds  occur  at  Lowell  and  Newfane,  Vt.,  and  Middlefield, 
Chester  and  Blanford,  Mass.;  or  it  may  be  it  is  sometimes 
obscurely  laminated.  The  distinctly  laminated  kind  in  Macon 
county,  N.  C,  js  of  a  dark  green,  where  its  lamination  is  more 
distinct  than  that  of  gneiss.  The  same  variety  is  found  at  or 
near  Port  Henry,  Essex  co.,  N.  Y.  In  Middlefield  and  Chester, 
it  forms  a  range  of  hills  some  five  or  six  miles  in  length,  and 
less  than  half  a  mile  in  breadth.  The  serpentine  of  the  Bare 
hills,  near  Baltimore,  resembles  that  of  Chester,  and  is  proba- 
bly more  extensive.    This  rock  is  remarkably  distinct  from 
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Other  rocks;  it  passes  into  steatite,  but  very  rarely,  if  ever, 
into  other  rocks.  The  evidence  of  its  igneous  origin  is  less 
than  that  of  primary  limestone^  I  have  never  seen  it  in  narrow 
reins  and  dykes  like  greenstone,  neither  does  it  occur  resting 
upon  other  rocks.  It  rather  appears  to  have  been  protruded 
between  other  rocks,  as  at  Middlefield,  where  on  one  side  it  is 
bounded  by  hornblende,  and  on  the  other  by  mica  slate.  Chro- 
mite  of  iron,  with  many  varieties  of  chalcedony  and  jasper,  are 
among  its  associates.  All  the  localities  which  I  have  named, 
furnish  it.  The  serpentine  of  Troy,  Vt.,  near  the  Provincial 
line,  is  traversed  by  a  wedge-form  vein  of  magnetic  iron.  Like 
primary  limestone,  it  is  an  unsafe  rock  for  mining. 

Serpentine,  when  largely  mixed  with  limestone,  does  not  con- 
tain chromite  of  iron.  It  appears  to  be  absent  in  the  calcareo- 
serpentines  of  Canada,  the  St.  Lawrence  and  Champlain  dis- 
tricts, and  I  believe  also  in  Sussex,  N.  J.,  and  Orange  county, 
N.  Y.  Mica  and  talc,  however,  in  crystals,  are  common.  Large 
plates  of  bronze-colored  mica  occur  in  the  serpentine  of 
Gouvemeur,  N.  Y.,  and  hexahedral  tables  of  a  deep  green  talc 
at  Troy,  Vt.,  associated  with  arragonite,  and  octahedral  iron 
with  brilliant  faces. 

The  occurrence  of  so  large  a  quantity  of  silicious  minerals 
not  unlike  silicious  sinter,  furnishes  some  evidence  that  beds 
of  serpentine  may  have  been  connected  with  ancient  hot  springs. 
Macon  county,  N.  C,  especially  furnishes  immense  quantities  of 
sinter-like  deposit,  in  connection  with  serpentine. 

Serpentine  is  one  of  the  constant  associates  of  this  kind  of 
limestone,  in  New  York,  Canada  West,  and  New  Jersey.  It  is 
frequently  disseminated  through  it  in  small  grains,  but  some- 
times in  large  masses  of  an  irregular  form  and  rough  surface, 
and  again  in  fibrous  masses.  The  grains  and  masses  stand  out 
in  relief,  the  limestone  weathering  more  rapidly  than  the  ser- 
pentine. This  mixed  or  compound  rock,  takes  a  very  good 
polish,  and  might  be  used  for  a  variety  of  purposes  when  the 
rock  is  sound.    The  serpentine  is  arranged  in  the  form  of  coarse 
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Silica, 
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The  defects  of  this  serpentine  limestone,  arise  from  an  inter- 
mixture of  silica,  pyroxene,  and  hornblende,  which  appear  in 
masses  disseminated  through  it. 

A  serpentine  of  a  pattern  somewhat  diflerent  from  the  fore- 
going, occurs  in  the  state  of  Connecticut,  at  Milford.  It  has 
been  described  in  the  Geological  Report  of  that  state,  by  Mr. 
Fercival,  as  a  serpentine  marble.  It  consists  of  two  short 
ranges;  the  one  includes  the  New  Haven  quarries,  and  the  other 
the  Milford.  The  rock  is  remarkably  fine^ained,  and  is  dis- 
tinguished for  the  beauty  of  its  variegated  colors;  blue,  green 
end  yellowish  green  predominating.  Pyroxene,  epidote,  mag- 
netic iron,  picrolite,  and  chromic  iron,  are  associated  with  it. 

The  serpentine  marble  of  Milford  and  New  Haven,  is  more 
intimately  blended  with  the  limestone  than  that  of  northern 
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New  York  and  the  British  provinces,  clouding,  as  it  were,  the 
mass,  while  in  the  latter  places  it  is  in  distinct  grains  and  masses, 
which  are  perfectly  circumscribed,  and  may  be  detached  by  a 
blow,  when  aided  by  previous  decomposition. 

The  serpentines  of  St.  Lawrence  county,  and  which  are  often 
associated  with  the  earthy  oxides  of  iron,  contain  angular 
pieces  of  quartz,  from  a  tenth  to  half  an  inch  in  diameter;  the 
quartz  is  not  incorporated  with  the  rock,  yet  it  is  closely  in- 
vested with  serpentine,  and  is  perfectly  separated  from  it  by 
disintegration. 

The  serpentine  of  Cornwall,  Eng.,  is  associated  with  dial- 
lage  rock,  and  is  traversed  by  veins  of  this  substance,  as  well 
as  by  granite.  Our  serpentines  very  rarely  contain  diallage. 
The  dark  green  serpentine  of  Westfield,  Mass.,  contains  schiller 
spar.  It  appears  then  that  it  is  traversed  by  other  rocks,  but 
I  have  not  seen  that  the  different  geological  writers  have  ob- 
served serpentine  traversing  in  this  mode,  other  rocks,  except 
in  Tuscany.  Yet  it  may  have  been  observed,  at  many  other 
places,  but  regarded  as  not  worthy  of  attention. 

In  the  serpentine  belt  of  Port  Henry,  the  mixtures  of  serpen- 
tine and  other  minerals  decompose  and  leave  a  scoriaceous  mass, 
like  calcareous  tufa,  as  if  there  was  first  a  deposit  or  formation 
of  a  very  porous  mass,  which  was  afterwards  filled  by  infiltra- 
tion with  carbonate  of  lime.  I  know  of  no  true  serpentine  so 
connected  with  sedimentary  rocks  as  to  give  a  clue  to  its  age, 
excepting  that  associated  with  the  waterlime  near  Syracuse. 
In  St.  Lawrence  county,  iron  ore  and  serpentine  are  somewhat 
blended  with  the  Potsdam  sandstone.  As  it  occurs  in  this 
country,  it  must  be  regarded  as  one  of  the  most  ancient  of  our 
rocks.     The  specific  gravity  of  this  mineral  is  2*55. 

Serpentine  is  a  hydrous  bisilicate  of  magnesia.  It  is  com- 
posed of 
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Stop^tine,  tfMNigh  it  cannot  be  regarded  in  itadf  as  rUi 
in  oresy  yet  it  is  often  aaaociated  with,  or  radier  in  near  oon- 
tignity  to  a  great  rariety  of  min^ala.  Chromic  iron  is  oim  of 
its  meet  constant  associates^  and  occasionally  magnetic  *  iron 
trayersesit  in  yeins,  as  at  Ttof,  Vt,  and  in  some  parts  of 
JSmape,  Wk  rich  in  copper.  In  St  Lawrence  coon^y  N*  T.^ 
all  the  bedi  and  veins  of  specular  iron  are  contiguous  to  serpen* 
tine,  and  this  is  tiie  case  also  witib  the  large  rocks  of  magnetic 
iron  in  the  AdiroiMladki  in  Enez  connty. 

At  the  well  known  Pttrish  mine  in  St  Lawrence  coanty,  N. 
T.y  the  stfpentine  is  protruded  boM»Kfli  the  gneiss  and  speeolar 
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iron,  as  represented  in  fig.  13,  thus:  a  a  is  a  mass  of  ore,  rather 
silicious,  b  an  adit  in  the  mass  of  ore,  c  protruded  serpentine, 
d  gneiss,  and  e  e  Potsdam  sandstone.  The  serpentine  in  this 
instance,  seems  to  have  been  the  rock  of  eruption  which  elevated 
jand  broke  up  the  sandstone.  So  also  in  a  contiguous  vein 
known  as  the  Kearney  ore  bed,  a  similar  dislocation  is  known. 
Near  Theresa  the  relations  of  the  rocks  are  the  same,  of  which 
fig.  15  is  a  section:  a  serpentine,  b  b  specular  iron  ore.  In- 
stances of  the  same  kind  and  character  might  be  multiplied. 
Fig.  14.  Fig.    14. — Limestone    intermixed 

with  serpentine,  appears  in  the  gneiss 
on  the   east  side   of  the  harbor   at 
Whitehall.    It  has  disturbed  the  su- 
perincumbent Potsdam  sandstone. 
The  facts  revealed  by  the  relations  of  the  associated  rocks. 
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support  the  view  that  surpentine  is  truly  an 
eruptire  roclc,  and  belongs  to  the  same  class 
as  granite  and  sienite.  This  view  is  also 
sustained  by  its  distribution  and  mode  of  its 
occurrence,  the  latter  of  which  has  been  spoken 
of.  &B  distribution  is  more  or  less  in  belts 
or  lines,  whose  directions  are  well  indicated 
when  we  compare  the  position  and  relations 
of  the  masses  at  distant  points.  This  will 
appear  on  comparison  of  the  distribution  of 
the  rock  along  the  Green  Mountain  range. 
Beginning  at  the  extreme  northern  boundary 
of  Vermont,  in  the  township  of  Troy,  and  fol-  ' 
lowing  its  range  south,  we  shall  find  its 
masses  distributed  along  a  north  and  south 
line.  From  Troy  it  extends  into  Canada 
East,  but  southerly  it  is  met  with  at  Lowell, 
New&ne,  Vt.,  Windsor,  Middlefield,  Chester, 
Blandford,  Mass.,  and  finally  on  nearly  the 
same  range  as  the  Mil  ford  and  New  Haven 
quarries  in  Connecticut.  The  serpentine  of 
this  belt  is  alike.  That  of  Milford  and  New 
Haven  is  more  calcareous,  and  its  colors  are 
lighter  and  more  blended  with  yellows  than  at 
the  northern  localities.  The  belt  is  also 
chromiferous,  and  more  or  less  ferriferous.  If 
the  Oreen  mountains  should  be  regarded  as 
a  part  of  the  Highlands,  and  as  a  prolonga- 
tion of  the  Alleganies,  we  shall  find  the  serpentine  arranged 
in  a  northeast  and  southwest  line,  forming  a  belt  of  this  rock 
along  the  whole  eastern  slope  of  this  range  of  moiutains,  as 
far  south  as  Georgia.  It  is  coextensive  with  the  Blue  ridge, 
and  is  chromiferous  through  its  entire  extent. 

I  have  already  spoken  of  the  fields  of  serpentine  associated 

with  the  pyrocrystalline  limestone  of  Warren,  Eesei,  Jefferson, 

St  Lawrence  and  Orange  counties,  N.  Y.;  to  which  may  be 

added  that  of  the  district  of  Johnstown  in  Canada  West.    These 
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districts  or  fields  of  serpe&tixie  diffet  fwia  ikM  whidk  bdbilgft 
to  the  Green  or  H<>08iGk  Moaniaifi  ai^  All^^jr  raiiges.  Pj^ 
rax^aenas,  amphiboles  and  graphite,  are  common  to  the  fintbei', 
but  Tery  rare  in  the  latter;  that  is  if  they  occur  hi  proximitf, 
they  bdooff  rather  to  other  rocks,  and  not  to  the  sen^tine. 
The  nliciJb  minerals,  as  chalcedcmy,  chrysoprase  andnigates, 
im  associated  with  the  former  rafiges,  to  wliich  may  he  added 
ftom  the  magnesian  minerals,  schiller  spar.  In  Maine,  Dr. 
JadcBon  moitions  only  one  locality  of  serpentine,  that  of  Deer 
island,  which  seems  to  hare  been  erupted  through  granite. 
Hus  mass  may  be  connected  with  that  of  .the  Grand  MenaB, 
on  the  northern  coaat  of  Maine  and  Nora  Scotia. 

Seipentine  is  extensirely  deyeloped  in  Pennsfylyania,  Virginia, 
and  Maryland.  I  may  cite  the  serpentine  rock  of  the  Pine  Bar- 
ren range.  It  extends  from  East  Nottingham  into  Maryland, 
after  crossing  the  Northeast  credc.  It  contains  chrome  orew  It 
bdongs  to  flie  Chester  and  Lancaster  county  belt  It  CMmtains 
dbo  silicate  df  magnesia^  a  mineral  which  is  wolrth  som^  tibree 
or  four  dollars  per  ton.  This  belt  continues  onward  west  by 
south  into  Harford  county,  Maryland,  (Tossing  the  Susquehanna 
near  Fraser*s  Point.  The  belt  is  prolonged  to  the  southwest, 
embracing  the  Bare  hills  near  Baltimore.  Its  continuity  is 
interrupted  in  many  places,  still  the  belt  extends  through  Penn- 
sylvania into  New  Jersey  in  the  direction  of  Easton,  North- 
ampton county.  It  is  rather  remarkable  that  serpentine,  though 
it  forms  by  itself  hills  of  a  moderate  elevation,  yet  does  not 
appear  in  the  higher  parts  of  the  Appalachians.  It  is  highly 
chromiferous  through  Maryland.  In  North  Carolina,  in  those 
Cdunties  which  are  adjacent  to  Virginia,  it  is  not  so  common 
as  in  the  more  northern  states.  Ji  reappears,  however,  in  great 
force  in  the  southwest,  particularly  in  Franklin,  Macon,  and 
Cherokee  counties.  The  same  belt  extends  into  Georgia.  Of 
this  rock,  then,  it  may  be  said  to  extend  from  Canada  to 
Georgia  in  a  belt  which  skirts  the  eastern  base  of  the  Hoosick 
and  Ap|)alachian  chains.  In  the  Appalachians  its  direction  is 
needy  northed  and  Southwest;  in  the  Hoosick  rahge  nearly 
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north  aud  south.  The  external  characters  are  very  uniform 
through  the  whole  distance,  and  it  is  very  constantly  associated 
with  certain  minerals.  These  have  been  already  referred  to. 
Certain  minerals,  too,  are  as  constantly  absent,  as  galena,  the 
sulphurets  of  copper,  iron,*molybdena,  and  zinc. 

Notwithstanding  the  wide  range  of  serpentine  in  this  country, 
it  occurs  so  rarely  among  the  rocks  of  sedimentary  origin  that 
its  age,  even  approximately,  is  left  undetermined,  in  which 
respect  it,  is  in  the  same  condition  as  the  granites.  In  St. 
Lawrence  and  Jefferson  counties,  New  York,  the  serpentine  has 
evidently  disturbed  the  Potsdam  sandstone  in  numerous  places, 
and  it  seems  highly  probable  that  both  the  serpentine  and 
pyrocrystalline  limestones  were  erupted  subsequent  to  the  com- 
mencement of  the  Silurian  epoch.  There  is  another  instance 
of  the  occurrence  of  serpentine  of  a  still  later  date:  it  is  near 
the  epoch  of  the  consolidation  of  the  waterlimes.  The  locality 
is  in  the  vicinity  of  Syracuse,  Onondaga  county,  New  .Ypr)^. 
Here  it  is  evidently  a  serpentine  of  contact,  or  a  metamorph^c 
serpentine.  Those  magnesian  rocks  are  altered  or  changed 
into  serpentine  by  proximity  with  some  eruptive  rock.  Tl^e 
changes  are  variable.  Some  portions  of  the  rock  are  perfect 
serpentines,  passing  into  masses  which  are  only  slightly 
altered;  and  in  a  few  cases  the  change  has  been  still  greater, 
as  appears  from  the  production  of  mica,  forming  a  mass  some- 
what similar  to  granite.  These  altered  rocks  are  confined  to  a 
small  area.  Like  granite,  therefore,  it  appears  that  serpentine 
has  been  the  product  of  different  periods,  and  to  have  been  the 
product  of  agencies  which  have  operated  in  a  manner  similar 
to  those  which  gave  origin  to  granitic  compounds.  But  it 
appears  that  it  is  possible  only  in  a  few  instances  to  determine 
the  time  of  its  eruption,  in  consequence  of  its  being  so  rarely 
connected  in  this  country  with  rocks  of  a  determined  epoph. 
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RENSSELAERTTE. 

{  66i  This  FQck  has  been  regarded  hy  a  few  of  our  geolo^ 
gists  as  a  pyroxenic  steatite.  It  is  howeyer  perfectly  homo- 
geneous, and  when  the  circumstances  were  favordble  for 
ciystalization,  it  is  traversed  by  distinct  joints,  by  which  it  is 
dearly  a  deavable  substance  in  the  i  mass.  Its  hardness  is 
8^5-4,  and  hence  is  greater  than  steatite  and  less  than  pyrox- 
ene; its  specific  gravity  is  2*874.    It  is  composed  of 


WktL, 

59*75 

Mifnetia, 

32*90 

Llnw, 

1*00 

Peroxide  of  iron, 

3*40 

Water, 

8*85 

It  resembles  serpentine  in  the  structure  of  the  mass,  but  its 
partides  of  composition  are  coarser  and*more  crystalline.  It  is 
white  or  grayish  white,  and  tinged  faintly  with  green.  Black 
varieties  are  not  uncommon.  It  is  traversed  by  irregular 
seams  of  satinspar,  disposed  without  order.  It  is  massive, 
and  its  lamination  is  obscurely  brought  out  by  weathering. 
Exposure  to  the  air  softens,  and  heating  it  to  redness  slightly 
hardens  and  whitens  it.  It  is  cracked  by  the  same  exposure. 
The  rock  is  tough  and  difficult  to  break.  It  occurs  in  many 
large  beds  in  St,  Lawrence  county  in  the  township  of  Russell, 
New  York.  It  is  also  distributed  in  smaller  fields  in  Jefferson 
and  Lewis  counties.  It  accompanies  the  limestone  and  serpen- 
tines of  that  district,  and  may  be  readily  distinguished  from  the- 
latter  by  its  hardness.  In  the  absence  of  iron,  chrome,  chalce- 
dony, and  the  jaspery  varieties  of  quartz,  we  may  observe  that 
it  is  unlike  serpentine  in  its  associations;  still,  as  a  mass,  and 
in  its  position,  it  agrees  with  serpentine.  It  is  not  generally 
distributed  in  this  country. 

Rensselaerite  takes  a  very  good  polish,  but  less  so  than  ser- 
pentine. Its  texture  and  grain  is  even,  and  being  easily 
wrought,  especially  that  part  of  the  rock  which  has  been 
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exposed  to  the  weather,  it  has  been  cut  into  a  variety  of  useful 
articles,  as  candlesticks,  inkstands,  &c.  The  form  of  the  crys- 
tal can  not  be  distinguished  from  pyroxene,  but  the  faces  being 
too  dull  to  admit  of  the  use  of  the  reflecting  geniometer,  it  may 
still  differ  from  it  in  its  dimensions. 

As  a  mineral,  it  was  r^arded  by  the  late  Prof.  L.  C.  Beck 
as  a  mixed  mineral,  consisting  of  steatite  and  pyroxene.  This 
view  is  apparently  sustained  by  Beudant,  who  obtained  from 
Sahla  steatitic  pyroxene  swhich  retained  the  form  and  cleavage 
of  pyroxene.  But  contrary  to  this  doctrine,  it  may  be  said 
that  the  mineral  is  perfectly  homogeneous,  at  least  as  much  so 
as  serpentine,  limestone,  or  any  other  mineral  or  rock  usually 
regarded  as  simple.  No  foreign  matter  can  be  detected  by  the 
microscope,  either  in  the  form  of  plates,  amorphous  or  crystal- 
line grains.  It  is  not  uncommon  to  find  hornblende  and  pyrox- 
ene combined  in  distinct  crystalline  particles,  which  together 
make  up  a  crystal  of  the  form  of  pyroxene.  In  this  case  the 
mixed  nature  of  the  mineral  is  evident  to  the  senses,  and  it  is 
as  easy  to  refer  each  to  the  proper  species,  as  it  is  the  particles 
composing  a  mass  of  granite.  I  see  no  reason  why  we  should 
assume  a  mineral  to  be  mixed  of  two  or  more  minerals  in  the 
absence  of  all  external  evidence.  There  is  no  objection,  how- 
ever, to  receiving  this  mass  into  our  list  of  rocks,  although  it 
may  be  found  hereafter  to  be  confined  to  the  northern  part  of 
New  York. 

OCTAHEDRAL  AND  RHOMBOHEDRAL  IRON  ROCK. 

§  67.  The  largest  bodies  of  magnetic  or  octahedral  iron  ore 
known  in  this  country  are  subordinate  to  the  hypersthene  rock 
in  the  Adirondack  group  of  mountains  in  the  western  part  of 
Essex  county,  New  York.  The  iron  rock  has  a  jointed  struc- 
ture, or  it  is  traversed  by  divisional  planes  which  bound  large 
tabular  masses.  It  is  interlaminated  with  masses  of  this  rock, 
and  in  some  instances  seems  to  disappear  beneath  it.  At 
Adirondack  one  of  the  bodies  of  iron  ore  is  between  700  and 
800  feet  thick.    It  disappears  beneath  the  rock,  and  its  actual 
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timits  are  unknown.  The  degree  of  oxidaiion  of  tim  firti»* 
ides  composing  the  masses  of  tim  ore  seem  to  be  imecpialt  lanil 
lience  there  is  more  difficulty  than  usual  attending  its  reduetioii. 

This  species  of  iron  in  nortl^m  New* York,  the  'Hig^Ubm^ 
and  New  Jersey,  is  associated  with  quartz,  bontblendi^  and 
feldfiqpar;  and  two  very  extensiye  bodies  of  ore  are  intermized 
almost  exclusively  with  phosphate  of  lime.    But  the  magnietie 
oxide  is  usually  grouped  with  one  of  the  three  fiist  ruamed. 
Quartz  is  the  most  faToi  able  rock  for  reduction,  in^  an  e^np* 
mical  point  of  view.    The  specific  gravify  of  octahedral  iron  is 
5*09;  the  rocks  which  are  grouped  with  it  scaredy  cqn^eed  SrjUO. 
if,  theuj  these  minerals  were  fused  together,  the  ircm,  from  its 
'greater  specific  gravity,  would  sink  through  the  molten  mass, 
and  be  found  at  a  lower  krel.    In  the  m^jorityof  mines  of  tim 
ore;  the 'leanest  part  is  at  the  surface.    Particles  of  ore  afe 
scattered  sparsely  through  the  rook  at  the  outcrop  of  the. yein; 
but  at  the  depth  of  twenty  feet,  and  perhaps  less  tb^nr  twenty i 
there  is  a  perceptible  increase  of  metal.    The  geavityof  the 
iroh  ores  may  therefore  explain  the  fact  of  their  comparative 
absence  as  a  rock  at  the  surface;  and  it  may  be  reasonably 
inferred  from  this  and  other  facts,  that  the  veins  of  ore  are  con- 
nected with  much  larger  masses  beneath  than  any  which  have 
found  their  way  to  the  surface.     Serpentine  is  very  common 
among  the  beds  and  veins  of  this  ore  in  northern  New  York. 
It  is  not  in  large  masses,  neither  have  I  always  found  it  in  the 
beds  of  octahedral  iron.     It  also  accompanies  the  specular  oxide 
of  iron  in  St%  Lawrence  county.  New  York. 

The  great  extent  of  iron  ores  of  these  two  species,  the  mag- 
netic and  specular  oxides  of  iron,  seem  to  require  that,  in  this 
country  at  least,  they  should  be  embraced  in  the  rocks.  They 
have  hitherto  been  described  as  minerals  only;  but  as  they 
occur  in  mountain  masses,  occupying  positions  analogous  to 
to  serpentines,  limestones,  and  granites,  there  can  be  no  objec- 
tion to  ranking  them  with  the  subordinate  rocks  of  the  globe. 

Magnetic  iron  occurs  in  masses  and  veins.  In  the  hypersthene 
rock  it  is  in  masses  subordinate  to  that  rock^  vwhile  in  the  .gneiss 
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of  Essex  and  Orange  counties,  New  York,  it  is  in  veins.  The 
magnetic  iron  district  of  New  York  begins  just  north  of  the 
valley  of  the  Mohawk,  and  occurs  in  all  the  counties  in  that 
part  of  the  state,  the  veins  themselves  occurring  in  subordinate 
or  smaller  districts;  or,  in  other  words,  veins  of  this  ore  appear 
to  cluster  together  in  certain  areas,  as  it  is  rare  that  a  single 
vein  is  found  occupying  a  district:  where  one  vein  is  found,  it 
is  usual  to  find  several  running  in  parallel  lines.  The  specular 
ore  occupies  two  or  more  districts  in  Jefferson  and  St.  Law- 
rence counties.  These  are  usually  associated  with  serpentine 
or  pyrocrystalline  limestone.  Magnetic  and  specular  iron  ores 
are  composed  of 

Magaetie  oiide.  Specolar  oside. 

Ozjgen,  28-2  L  30*66 

Metallic  iron,  71*79  69*34 

Both  species  are  variable  in  composition  from  foreign  mat- 
ter, particularly  quartz.  The  special  relations  of  the  two  spe- 
cies of  iron  ore  will  be  given  in  the  part  relating  to  mining. 

I  have  given  the  direction  of  the  ranges  or  belts  of  the  pyro- 
crystalline limestone  and  serpentine;  and  it  is  discovered  that 
these  two  rocks  skirt  the  eastern  base  of  the  Appalachians 
through  their  entire  length  from  northeast  to  southwest.  The 
same  fact  may  be  stated  respecting  the  range  of  the  octahedral 
iron  in  Orange  county,  adjacent  to  the  Highlands.  Among 
this  cluster  of  mines  I  may  enumerate  some  seven  or  eight 
extensive  formations,  among  which  are  the  Long,  Rich,  Forchee, 
and  Wilkes  mines.  The  formation  which  carries  the  magnetic 
iron  passes  into  and  through  the  state  of  New  Jersey  from  the 
Sterling  mines  to  those  of  Pompton,  of  which  there  are  some  three 
or  four  veins  which  are  included  in  a  gneiss  abounding  in  horn- 
blende— a  rock  which  is  quite  massive,  and  is  sometimes  called, 
from  its  resemblance  to  granite,  a  gneissoid  granite.  A  cluster 
of  many  veins  are  known^  and  have  been  worked,  in  the  neigh- 
borhood of  Dover.  This  seems  to  be  a  distinct  belt,  and  pursues 
a  southwesterly  course  towards  the  Delaware.  A  parallel 
belt  more 'Westerly  is  also  known,  and  which  embraces  the  zinc- 
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iron  ores  which  lie  in  a  line,  pamng  yery  nearly  timmi^  die 
range  of  Scott's  mountain  towar^i  FhiUipsbiirgy  *oppanfe  to 
Easton,  on  die  aouthwest  side  of  the  Delaware.  The  beltt  of 
iron  <»re  which  pass  from  the  southern  Highlands  <tf  New  York 
llhroagh  New  Josey  into  PennqrlTaniay  might  be  deaoibei 
more  particiilart|r,  and  as  running  in  at  least  three  paraDd 
belts.  But  it  is  my  object,  at  this  time  to  sf^k  generally  of 
the  relation  of  this  ore  or  rock  to  the  low  ranges  of  mowntain 
dhains,  which  may  be  called  outliers  of  the  Appalachians,  and 
which,  taken  as  a  whole,  constitute  one  great  belt  of  irqn  nek 
ooeztensire  with  the  great  mountain  ranges  of  the  Atlantic 
slope. 

The  magnetic  ores  of  P^msylyania  are  ccmiSned  to  the  south* 
east^n  part  of  the  state.  Th^^y  are  quite  limited  in  extent 
when  compared  with  the  great  derelc^ment  in  New  York  and. 
New  Jersqr.  The  few  yeins  which  do  occur,  however,  He  in 
die  suae  ranges  as  those  of  the  states  just  named*  Thus  in 
Burke  county  there  are  several  parallel  reins  at  mount  Pleasant. 
At  Durham^  on  the  Delaware,  is  another  district  of  this  ore. 

In  Virginia,  the  ores  of  iron  are  abundant  in  the  eastern  sec- 
tion of  the  state,  extending  from  a  little  south  of  Fredericks- 
burg to  Carolina;  but  it  is  an  interesting  fact,  that  most  of  the 
beds  and  veins  have  been  changed  into  the  hydrous  brown 
oxides.  They  occupy  the  same  relative  position  as  the  mag- 
netic ores.  A  southwest  range,  however,  of  magnetic  ores 
passes  through  Buckingham,  Patrick,  and  Franklin  counties, 
following  closely  the  Blue  ridge  in  its  southwestern  pro- 
longation. 

In  North  Carolina  the  iron  ores,  skirting  the  subordinate 
ranges  of  the  Blue  ridge,  are  equally  abundant;  but  they  follow 
two  or  three  lines,  one  of  which  passes  through  Granville, 
Orange,  Guilford,  and  Chatham  counties;  another  west  of  the 
Blue  ridge,  through  Ash,  Yancey,  and  Buncombe  and  Cherokee 
into  Georgia.  The  condition  of  the  ores,  however,  is  much 
the  same  as  in  Virginia,  the  magnetic  having  been  changed  to 
the  hydrous  brown  oxide.    From  the  foregoing  it  appear9  that 
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aU  that  part  of  the  United  States  which  lies  east  of  and  upon 
the  Appalachians,  is  supplied  most  abundantly  with  this  valua- 
ble ore  of  iron.  It  skirts  this  great  range  for  more  than  a 
thousand  miles;  and  though  not  by  any  means  continuous, still  it 
occurs  at  convenient  intervals,  and  at  such  points  as  can  not 
fail  to  supply  the  wants  of  over  six  millions  of  inhabitants. 

OF  THE  LAMINATED  PYROCRYSTALLINE  ROCKS. 

§  68.  Lamination  and  cleavage  planes.  Much  has  been  said 
with  a  view  to  elucidate  the  efficient  cause  which  has  operated 
in  the  production  of  planes  of  lamination,  or  planes  of  cleav- 
age. A  phenomenon  which  is  universal,  is  not  to  be  attributed 
to  local  influences.  Local  influences  are  adjurants,  but  not  the 
eflScients  of  change.  The  wide-spread  derivative  matter,  on 
the  ocean's  bottom,  consisting  of  fine  sand,  clays  and  lime, 
mingled  together,  are  a  mere  mechanical  mixture,  mingled 
together  without  order.  But  it  is  found  that  slates  which  are 
the  results  of  such  mixtures,  have  undergone,  in  process  of  time, 
very  great  changes.  But  the  rocks  referred  to  slates,  differ 
much  in  the  amount  of  change  which  they  have  suffered. 
Some  are  hard  and  ringing,  others  soft  and  fragile.  Those  which 
belong  to  the  first,  do  not  usually  occupy  their  original  position, 
but  they  are  inclined,  and  appear  to  have  been  acted  upon  by 
mechanical  forces,  to  a  much  greater  extent  than  the  latter. 
Pressure,  therefore,  must  be  recognized  as  a  force  which  has 
had  something  to  do  in  converting  them  into  hard  and  firm 
slates,  and  in  developing  the  peculiar  structures  of  slaty  masses. 
But  pressure  is  an  adjurant  to  an  efficient  cause,  and  this  effi- 
cient cause  must  be  referred  to  some  of  the  essential  properties 
of  matter  or  to  original  endowments.  This  original  endowment 
is  probably  crystallization.  I  have  had  occasion  to  speak  of 
this  property  before.  I  have  also  employed  the  term,  molecu- 
lar force,  a  term  which  I  have  used  where  the  result  is  the 
formation  of  spheroids,  or  rather  nodular  masses,  while  crystal- 
lization produces  parallelograms  upon  a  large  scale.     In  the 

formation  of  the  planes  of  parallelograms,  pressure  aids  the 

13 
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efficient  force  by  bringing  the  particles  near  to  each  other. 
Pressure  unaided  by  this  force,  is  insufficient  to  develop  planes 
of  any  kind. 

The  production  of  the  planes  of  cleavage  or  lamination,  has 
been  attributed,  by  Prof.  H.  D.  Rodgers,  to  an  electro-galvanic 
or  electro-thermal  agency.  This,  to  be  sure,  must  be  regarded 
as  one  of  the  universal  properties  of  matter,  or  a  force  made 
sensible  through  the  medium  of  matter.  The  theoretical  ex- 
planation is  founded  on  the  supposition  that  the  slate  planes, 
after  flexure,  are  alternately  hot  and  cold,  and  hence  are  the 
generaters  of  an  electrial  power  analogous  to  that  of  the 
thermo-electric  pile.  It  is  difficult,  however,  to  understand  how 
these  arrangements  operate  in  the  production  of  planes;  more- 
over, it  requires  the  preexistence  of  planes  of  some  kind, 
in  order  that  the  analogies  may  be  made  out.  It  seems, 
that  in  this  explanation  the  effect  preceded  the  cau<e.  If 
each  molecule  of  matter  has  polarity,  all  we  have  to  do  to  secure 
a  symmetrical  arrangement  is,  to  bring  the  particles  composing 
a  rock  within  the  sphere  of  each  other's  attraction.  Adjust- 
ments will  then  take  place.  Compression  or  pressure  operates 
in  this  way. 

The  existence  of  planes  of  lamination  or  cleavage  in  gneiss, 
mica  slate,  etc.,  receives  an  explanation  at  least  partly  from 
the  foregoing  principles.  The  efficient  cause  may  be  stated  in 
different  words.  We  may  recognize  the  polarity  of  the  mole- 
cules of  matter,  or  we  may  use  the  word  crystallization,  and  in 
some  cases  molecular  forces;  for  in  the  use  of  the  latter  term,  it 
seems  we  recognize  a  greater  change  of  the  particles  in  space, 
even  entire  strata  are  formed  by  this  force.  Concretions,  too, 
are  gathered  or  formed  from  similar  panicles,  and  from  com- 
paratively wide  spaces;  where  the  matter  is  insufficient  to 
form  a  stratum,  for  in  the  mass  of  mud  which  ultimately  forms 
slate,  the  lime  and  silex  were  intermingled  without  order; 
but  now  we  find  the  lime  in  nodular  bands,  or  distinct  nodules, 
as  in  septaria,  which  could  not  have  been  in  that  state  in  the 
original  deposition.     We  call  it  then  a  concretionary  or  mole- 
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cular  force  Irom  the  effects  produced;  it  is  a  modified  crystal- 
line force. 

In  sandstones  and  limestones  molecular  movements  often 
obliterate  the  planes  of  stratification  or  deposition.  These 
movements  result  in  the  formation  of  spheroids,  or  the  forms 
represented  in  fig.  17;  a  general  illustration  of  the  kind 
of  molecular  movement,  which  may  be  observed  in  many  sedi- 
mmtary  rocks,  and  also  in  rocks  of  igneous  origin,  as  serpen- 
tine. 

Fig.  11, 


We  may  recognize,  too,  in  this  phenomenon,  one  of  the  efficient 
causes  of  metamorphism,  a  cause  which  whenever  the  spaces 
between  the  particles  of  a  mass  are  charged  with  water,  or 
possess  from  any  other  cause  a  partial  fluidity,  is  free  to  operate. 

The  importance  of  recognizing  the  essential  properties  of 
matter  as  efficient  causes  of  change  in  rocks,  it  seems  to  me 
has  not  been  perceived,  and  hence  has  not  been  investigated  so 
fully  as  it  should  be.  Having  stated  the  foregoing  views  re- 
specting cleavage  planes  or  lamination,  I  proceed  to  speak  of 
the  characters  of  the  laminated  rocks,  gneiss,  mica  slate,  &c 

^  69.  Gneiss.  The  rocks  of  this  class,  in  whatever  part  of 
the  globe  they  occur,  are  all  alike  and  undistinguishable.  A 
mass  of  gneiss  from  the  Alps  or  Pyrenees,  can  not  be  distin- 
guished from  a  mass  from  the  Alleghanies.  The  mica  slate  of 
the  Alleghanies  differs,  in  no  respect,  from  the  mica  slate  of  the 
Kooky  mountains.  The  same  remarks  may  be  extended  to 
granite,  dfenite,  and  indeed  to  all  the  eruptive  rocks.  Fire  has 
left  the  same  impress  upon  all  of  them,  in  all  quarters  of  the 


globe  where  tliejr  occur.  In^dUMctfiodoitliff^JeiMioidfir 
of  eiqpeipodtioiL  In  some  districts  gneiss  may  oomqpj  a  pQ»» 
tion  .contiguous  to  granite;  in-other  districts  mica  shite  msgr 
occo^  the  ntme  position  relatrre  to  granitet  and  gneiss  may 
appear  in  many  instances  overlying  homUende  rock,  taleoae 
ct  mica  slate.  The  Bbosick  Moontain  and  the  Aiqpallachktt 
ranges,  furnish  maigr  examples  of  the  varied  and  variaUb 
collocations  of  these  rocks.  They  may,  Ui^efore,  be  said  to 
bdiong  to  one  epoch. 

It  has  been  stated,  already,  that  gneiss  differs  fiom  granite 
in  its  structure.    Its  particles  are  structurally  pardleL    Fig* 

.18  represents  this  structure. 
This  parallelism  has  been 
regarded,  by  distinguished 
geologistB,  as  due  to  water. 
Of  this  statement  more  evi- 
dence is  required:  indeed 
when  we  consider  the  extent 
of  the  change  required  to 
convert  any  sediment  into  gneiss  or  mica  slate  by  heat,  and 
over  such  wide  areas,  we  can  scarcely  fail  to  feel  that  the  origin 
assigned  is  at  least  extremely  doubtful,  especially  when  it  is 
considered  that  the  crust  had  already  cooled  so  much  as  to 
admit  of  the  condensation  of  water  upon  it,  and  the  for- 
mation of  oceans  in  all  quarters  of  the  globe.  While  the  meta- 
morphic  view  is  regarded  as  inapplicable  to  this  class  of  rocks 
over  wide-spread  fields  the  world  over,  I  do  not  call  in  ques- 
tion those  instances  of  local  metamorphisms  which  occur  in  the 
Alps  and  other  districts,  where  it  is  evident  the  disturbances  and 
changes  by  heat  are  very  remarkable.  But  who  has  observed 
in  this  country, sandstones,  conglomorates, slates,  and  limestones, 
which  have  been  converted  into  gneiss  and  mica  slate,  or  horn- 
blende rock.  It  is  true  rocks  are  altered.  Chalk  has  been 
changed  into  a  hard  crystalline  marble,  but  the  area  ovvt  which 
this  change  can  be  traced,  is  quite  limited.  Clay,  too,  j^as  been 
baked,  and  under  that  process  has  become  hard,  and  firm  enough 
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to  ring  like  metal  when  struck  with  a  hard  body;  but  it  has 
not  become  gneiss  or  hornblende.  The.  extent  of  all  the  indi- 
vidual rocks  under  consideration,  together  with  their  identity 
of  structure  the  world  over,  is  to  say  the  least,  indicative  of 
their  early  consolidation,  and  that  it  took  place  at  a  period 
when  water  existed  only  in  a  vaporous  state. 

These  remarks,  it  will  be  perceived,  apply  to  this  country. 
The  metamorphic  gneiss  of  the  Alps  is  admitted  by  eminent 
geologists.  It  is,  of  coarse,  local,  and  we  can  not  set  bounds 
to  extent  of  local  changes.  Still  the  metamorphic  gneiss  of 
the  Alps  originating  in  oolite  and  eocine  rocks,  must  furnish 
by  analysis,  a  difference  in  the  proportion  of  their  elements  from 
that  which  exists  in  our  normal  gneiss  or  mica  slate.  It  is  now 
admitted  that  a  parallel  structure  of  itself  is  no  evidence  that 
the  rock  was  a  sediment  I  pointed  out,  in  my  New  York  Geo- 
logical Reports,  that  the  porphyry  of  lake  Champlain  was 
laminated,  and  described  it  as  stratified  rock,  notwithstanding 
the  indubitable  evidence  it  furnishes  at  the  locality,  that  it 
was  erupted  from  fissures  in  the  shales  of  the  Hudson  River 
group.  Darwin  describes  an  eruptive  red  granite  of.  Chili, 
which  exhibits  a  decided  parallel  structure  in  many  .of  its  parts. 
The  gneiss  of  Bahia,  according  to  the  same  author,  contains 
regular  fragments  of  hornblende;  hence  gneiss  may  be  regarded 
as  a  pyrocrystalline  or  eruptive  rock,  at  many  localities.  We 
should  subject  the  question  of  metamorphism  to  two  tests:  1. 
Proximity  to  agencies  competent  to  effect  the  change  observed. 
2.  The  continuity  of  the  changed  to  the  unchanged  mass. 

The  only  proof,  therefore,  which  we  can  obtain,  of  meta- 
morphism, is  in  the  local  change  which  may  have  been  pro- 
duced in  a  part  of  the  rock.  There  will  then  be  gradations, 
which  may  be  traceable  from  zones  of  the  greatest  to  zones  of 
the  least  change.  We  may  trace  the  harder,  ringing,  reddened, 
or  whitened  mass,  to  those  parts  which  retain  their  original 
properties.  Beyond  this  we  can  not  go.  To  this  extent  it  is 
useful  to  admit  the  metamorphic  theory. 

Gneiss  is  somewhat  variable  in  structure  and  composition. 


f^ 
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b  ftnictiire  it  q^roadbes  granite  in  mmy  ^iiiiflty  ia  li»  WHSeir 
SMmu  b  oomponticm  the  mica  nasf  be  wliolljr  or  i»paft  m^ 
plaoed  Ij  horaUend^  and  a  part  ef  the  ftUb^ar  of  the  fodk 
erystalliaed  in  large  particles.  We  hare  ihod  the  grattitott 
g^issy  homblendic  and  porph]rritic  gneiss.  If  mica  alxmndir  it 
it|  it  is  either  said  to  be  schistose  or  micaceoiis  gnetej  or  if 
qoartSy  qnartzose  gneiss.  These  terms  are  emjioyei  to  eipitai 
ita  structure  or  composition  in  airjr  observed  locality.  GhieiiB 
passes  into  mica  slate  by  the  loss  of  its  fidcbpar. 

The  forq^oing  considerati<Hi8  seem  to  estaUish  the  doctrine 
that  gneiss,  mica  slate,  iKMrnblende  and  tdoosfe  slate  are  reaBf 
contemp(Mraneoos  formaticms.  Thqr  are  so  Mended  in  all  the 
distridB  of  our  country,  that  it  is  extremely  difficult,  if  not  te* 
possible,  to  define  tbeir  boundaries.  Even  in  the  tiA»se  sifedn 
of  the  gdd  r^ion,  gne»  iBrequently  appears  in  widb  areas. 
I  diall  not  attempt,  therefore,  to  give  tiie  boundariies  or  eartent 
of  eith^  of  the  finregoii^  rocks,  being  content  witfi  poitrting 
out  the  r^ions  they  oeei^y  in  coionum. 

§  70.  Mica  slate.  This  rock  consists  of  mica  and  quartz. 
The  laminae  are  thinner  than  those  of  gneiss,  and  it  has  more 
mica  in  its  composition.  The  feldspar,  when  it  occurs  in  this 
rock,  is  in  the  form  of  seams  or  segregation,  intermixed  with 
a  coarser  mica  than  that  which  composes  the  body  of  the  rock. 
The  quartz  is  gray,  the  mica  usually  black,  and  the  particles 
of  both  are  fine. 

Numerous  varieties  might  be  pointed  out,  which  are  due  to 
variable  proportions  of  quartz  and  mica,  or  to  the  thickness  of 
the  laminae,  or  to  the  intermixture  of  other  minerals,  as  horn- 
blende or  talc.  These  varieties  are  not  so  important  as  to 
require  detailed  descriptions.  It  is  sufficient  that  the  student 
should  know  that  mica  slate  passes  lithologically  into  other 
rocks  without  changing  materially  its  structure. 

§  71.  Talcose  slate.  It  is  composed  of  talc  and  quartz.  Its 
laminae  are  thinner  than  those  of  mica  slate.  Its  color  is  gray, 
and  its  luster  is  more  silken  than  mica  slate.  Its  laminae  are 
undulating,  curled,  or  crisped.     Its  texture  is  fine,  and  its  feel 
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soft.  Varieties  occur  in  which  the  quartz  is  the  principal 
mineral,  and  its  structure  then  resembles  a  fine-grained  sand- 
stone. On  the  other  hand,  when  talc  predominates  it  becomes 
steatitic  or  a  perfect  steatite.  Mixed  largely  with  scales  of 
mica,  it  becomes  a  talco-micaceous  slate.  Like  other  rocks 
of  this  epoch,  it  passes  into  one  or  the  other  mineralogi- 
cal  mass,  with  the  necessary  exchange  or  substitution  of  the 
mineral  which  characterizes  them.  It  is  associated  with  horn- 
blende rather  than  mica  slate. 

^  72.  Hornblende  rock.  Its  color  is  green,  light  green,  or 
blackish  green,  and  its  composition  is  either  an  unmixed  horn- 
blende, or  else  it  is  mixed  with  feldspar  and  quartz,  the  parti- 
cles of  each  being  arranged  in  parallel  bands.  In  this  last 
particular  it  differs  from  sienite.  Hornblende  is  exceedingly 
tough,  and  the  mineral  is  always  crystalline.  The  crystals  are 
interlaced  with  each  other.  Its  composition  is  variable.  It 
preserves,  however,  a  great  uniformity  of  character  when  asso- 
ciated with  other  laminated  pyrocrystalline  rocks;  it  is  more 
variable  in  a  trapean  region. 

The  laminated  pyrocrystalline  rocks  lie  in  proximity  to  each 
other.  It  is  rare  for  a  mountain  to  be  composed  exclusively  of 
one  of  these  rocks,  and  it  frequently  happens  that  gneiss,  mica 
slate,  and  hornblende  form  an  alternating  series,  in  which  they 
are  separated  by  short  distances  only.  On  the  sides  of  mountains, 
and  in  valleys,  their  planes  of  lamination  incline  steeply  to  the 
horizon,  while  perhaps  upon  the  crests  of  high  ridges  the 
laminae  are  nearly  horizontal.  This  seems  due  to  an  upward 
thrust,  by  which  the  upper  parts  of  the  rock  being  unsupported, 
fall  into  an  horizontal  position.  At  the  point  of  flexure  the 
mass  is  frequently  broken,  when  the  lower  portion  of  the  rock 
is  left  highly  inclined  to  the  horizon,  and  the  broken  part  is 
nearly  prostrate.  SucH  is  the  position  of  the  talcose  slate  of 
Table  mountain  in  Burke  county.  North  Carolina  (fig.  19).  The 
body  of  the  mountain  is  composed  of  strata  highly  inclined  to  the 
west,  but  the  summit  is  quite  flat.  The  porphyritic  gneiss  of 
the  Swannanoegap  of  the  Blue  ridge,  in  North  Carolina,  is 


quite  flit  apon  the  crest,  but  quite  steep  at  &b  ban.    Bat  in 
die  moaatains  of  Nev  Eng^uid  the  lamiiue  are  ateep  to  Ae 
'  mmiliita.    Ftobabljr  dilurial  action  haa  swept  off  thoae  flat- 
tened crests  \riuch  exist  in  tiie  soothem  states. 
If-  »■ 


^73.  (7Monf««U«  is  a  green  fissile,  nsk^rock^wia&Mft 
ied.  In  order*  to  mdce  oat  this  rock,  it  is  necessary  to  reoog^' 
ntie  dilorite  intermixed  with  quartz,  Ad  a  stmctore  siiailar  to 
talcosc  slate.  It  m^  omtain  feldipar  and  mica.  It.ia  (Am 
associated  with  gneiss  and  other  .schisbwe  rocks.  11te^ed6o 
gravity  of  chlorite  is  2*73.     Ita  composition  is  subjoined: 


Silica, 

Sfl- 

MagDuia, 

8-0 

Oxide  of  iroD, 

43- 

Alumin, 

18- 

Water, 

a-0 

PoU.h, 

s-o 

4  74.  Ciai/  slate.  This  rock  is  a  hardened  clay  or  shale,  and 
is  for  the  most  part  exceeding  fissile.  Its  colors  are  ^een, 
bluish  green,  and  reddish  or  brown  and  purple.  The  red  colors 
are  variable,  from  a  pink  red  to  a  deep  brick  red.  The  laminse 
are  distinct 

It  is  doubtful  whether  clay  slate  should  be  admitted  as  a 
member  of  the  pyrocrystalline  rocks.  I  should  not  regard  it  as 
an  eruptive  rock,  and  place  it  in  this  connection,  were  it  not 
generally  placed  among  the  primary  rocks,  and  were  it  not 
also  quite  common  in  proximity  with  veins  in  granite  in  North 
Carolina  and  other  places.     It  is,  however,  possible  that  this 
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variety  of  slate  rock,  which  passes  for  clay  slate,  may  be  a 
variety  of  chlorite  slate.  Neither  the  mineralogist,  geologist,  or 
miner,  has  regarded  the  inquiries  relative  to  the  composition  of 
rocks,  veinstones,  fee,  of  much  importance,  and  hence  they 
have  been  neglected. 

§  75.  Laminated  limestone  and  serpentine.  Wher6  limestone 
and  serpentine  are  associated  with  gneiss  and  mica  slate,  they 
exhibit  a  parallel  structure.  They  have  been  acted  upon  by 
forces  of  the  same  kind  and  nature.  We  are  not  obliged  to  adopt 
the  opinion  that  limestone  and  serpentine  are  metamorphic 
when  we  can  detect  a  parallel  structure.  The  facts  in  each 
particular  locality  must  speak  for  us.  For  a  full  notice  of  this 
rock  I  refer  the  reader  to  §  65,  the  serpentine  marbles. 

§  76.  Quartziie.  I  apply  this  term  to  a  massive  rock  asso- 
ciated with  the  auriferous  slates.  It  is  smoke  gray,  light  or 
dark,  breaking  with  a  conchoidal  fracture,  and  hence  resembles 
flint  or  hornstone.  It  appears  to  be  a  simple  substance;  but  it 
becomes  white  by  weathering,  and  hence  it  is  probably  com- 
pound. The  quartzite  contains  sulphuret  of  iron,  which  may 
be  auriferous.  Some  varieties  are  agatized  coarsely.  There 
is  considerable  evidence  that  the  rocks  associated  with  it  are 
stratified,  and  hence  it  may  be  ranked  among  the  metamorphic 
products.  This  question  must  remain  open  for  further  ob- 
servation. 

DISTRIBUTION  OF  THE  PYROCRYSTALLINE  ROCKS. 

§  77.  The  pyrocrystalline  rocks  are  blended  and  interlami- 
nated  so  fi-equently  in  every  district  of  the  United  States,  that 
it  is  impracticable  at  present  to  trace  either  of  them  separately 
through  the  range  of  country  which  they  occupy.  The  White 
mountains  in  New  Hampshire,  mount  Ktaddin,  Maine;  Monad- 
nock,  New  Hampshire;  Hoosick  mountain  and  Black  mount- 
ain, and  the  culminating  point  of  the  Appalachians,  are  gneiss 
and  mica  slate.  Many  of  the  passes  over  the  Blue  ridge  in 
North  Carolina  and  Virginia,  are  talcose  slate;  Pilot  mountain 

in  Stokes,  and  Table  rock  in  Burke  counties,  are  talcose  slates; 
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but  «tUl  thqr  are  awociated  with  gagai  md  k— Meait  ia'the 
lidnty.  A  long  Hat  of  localitiea  might  be  nade  ORt  af-th» 
UndiofrockpreTailiiig  at  didhrant  pointt  in  the  Dnioiif  M 
it  is  impoMible  to  shov,  at,  the  preaoit  ttme*  tliat  Awe  cadat 
trnportant  relationa  between  any  two  diitant  poiati.  At  Ae 
wMt  distant  p<nnta  of  onr  conntiy  tlwM  rocks  pzmtm  a  gnat 
wmilarity  of  atnictore  and  (rf'oharaettr,  which  rendeni  itiaipa»- 
nUe  to  recognize  by  apeeimen  Ae  part  of  the  ooontiy  they 
repreaent  They  are  traveaved  alao  by  granitie  -nina^  tta  eoBf 
poaitioa  (tf  which  exfaibita  ererywluira  the  aame  TeriaHoM 
Hiere  are  diatrieta,  howerer,  in  wliich  trq>  ia  bqA  bwr 
alMiDdant  than  in  others;  and  thete  diilriola  fio^di  as  wlA  a 
greater  lemove  from  the  cwrnwai  diaraotar  of  the  oomfer^  at 
large.  I  shall  q>eak  of  tlie  peculiar  r&ka  of  certain  diatriflti 
^len  I  hare  occasitm  to  take  vp  the  anbject  of  wutea  aad 


PTBOPLASnC  EOCU. 
-  4  78.  The  first  section  emhrauei  thoae  rods  whleh  en  sap- 
posed  to  have  been  erupted  through  fissures  in  a  molten  state, 
and  to  have  cooled  beneath  the  ocean,  and  hence  1  have  deno- 
minated them  submarine.  The  greeostones  amygdaloids,  ba- 
salts, traps  and  porphyries,  are  comprehended  in  the  section. 
The  second  section  embraces  those  which  have  been  erupted 
from  craters,  and  have  cooled  in  the  opea  air,  and  heoce  I  hare 
called  them  svbterial.  They  embrace  the  modern  lavas,  of  all 
kinds:  the  vesicular  lava,  obsidian,  volcanic  arks,  &c 

1.  Submarine, — ^The  rocks  of  this  section  are  iitfaologically 
the  same  as  in  all  parts  of  the  globe.  A  traveler  who  speaks 
of  trap  in  the  greenstone  or  basalts  of  Australia,  is  understood 
by  us  in  America.  The  greenstones  of  the  Hudson  river  scarcely 
differ  from  those  of  Connecticut  or  Nova  Scotia.  Greenstone 
is  massive,  vesicular,  columnar,  and  porphyritic.  The  first  is  a 
heavy  black  or  grayish  black  rock,  either  occupying  fissures  in 
other  rocks,  or  lying  upon  them,  having  been  forced  out  from 
beneath  in  a  molten  state,  and  in  a  condition  to  overflow  the 
region  adjacent  to  the  fissures. '  The  term  trap  seems  to  be  re- 
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stricted  to  that  form  of  greenstoDe  wbich  is  inclosed  within  the 
veins  of  a  fissore.  It  is  commonly  called  a  trap  dylce.  It  is  a 
stony  and  not  a  metalliferous  vein.  Fig.  20  represents  a  dyke 
intersecting  two  parallel  veins  of 
granite.  The  forms  of  the  pyro- 
plastic  rocks  were  determined  by 
the  condition  under  which  they 
cooled.  We  can  not  always  de- 
tennine  now  what  that  condition 
was.  It  has  been  demonstrated 
that  slow  cooling  restores  to  the 
mass  the  common  characters  of 
a  rock,  free  from  vitrification.  So 
undn  certain  circumstances  the  mass  separates  into  columns  of 
five  or  six  sides.  The  tendency  to  the  columnar  conditioo  is 
distinct,  while  the  columns  are  often  imperfect.  Their  terminal 
outline  is  visible,  but  the  adhesion  of  their  sides  still  remains. 
The  columns  are  vertical,  as  at  the  Palisades  of  the  Hudson,  or 
th^  may  be  horizontal,  as  when  enclosed  between  the  walls  of 
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Fig.  21  represents  the  rude  columnar  structure  of  the  Pali- 
sades, which  repose  upon  the  lower  members  of  the  trias.  The 
molten  mass  was  also  injected  between  the  strata  of  sandstone. 
Greenstone  is  sometimes  vesicular,  but  the  Vesicles  having  been 
filled  with  foreign  substances,  and  remaining  in  relief  after  the  ■ 
rock  is  partially  disintegrated,  this  variety  is  often  called  amyg- 
daloid, those  foreign  matters  ai>pearing  like  almonds,  in  the 
rock.  Both  greenstone  and  amygdaloid  have  a  granular  struc- 
ture, and  feldspar  may  often  be  distinguished  in  small  particles, 
disseminated  through  the  mass.  Greenstone  is  also  porphyri tic, 
the  crystals  of  feldspar  are  distinctly  formed  during  the  pro- 
cess of  cooling. 

^  79.  Basali  is  a  black  compact  rock,  occupying  the  same 
relations  to  other  rocks  as  greenstone,  just  described.  It  is  both 
massive  and  columnar.  Structurally  it  differs  from  greenstone, 
in  its  perfect  homogeni^.  Frequently  our  trap  dykes  are  per- 
fectly homogeneous  and  compact,  and  hence  are  basalts.  Basalt 
is  not  a  common  rock  upon  the  Atlantic  slope.  The  rocks 
which  have  frequently  been  called  basalt,  are  really  greenstone, 
as  either  by  the  unassisted  eye  or  by  means  of  a  single  lens, 
particles  of  feldspar  are  visible. 

§  80.  Porphyry  is  a  rock  in  which  crystals  of  feldspar  are 
toleiably  well  defined  They  are  embedded  in  a  compact  paste. 
This  paste  is  often  reddish  or  greenish,  but  the  color  is  variable 
or  It  may  be  anj  color 

F,.   23  Fig.  22  represents  a 

porpbyritic  mass,  which 
is  common  over  a  large 
\  North  Carolina 
particularly,  in  a  belt 
passing  southwesterly 
through  Granville  and 
Chatham  counties.  The 
porphyrilic  structure  is 
rarely  perfect.  Tlie  masses  of  feldspar  in  the  paste,  though 
tolerably  well  defined,  have  rarely  straight  edges  or  even  planes. 
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The  feldspar  is  rather  concretionary  than  crystallized.    The 
white  spots  are  frequently  quartz. 

§  81.     Trap  dykes  are  those  black  stony  masses  which  are 
interposed  between  the  walls  of  a  fissure.     For  a  limited  dis- 
tance they  pursue  a  straight  course.    The  fissure  is  perfectly 
Fig.  23.  defined,  and  the  filling  always  perfect. 

Where  more  than  one  dyke  intersects 
a  rock,  they  may  be  parallel,  as  re- 
presented in  fig.  23,  or  they  may  in- 
tersect each  other.  In  the  first  case 
the  dykes  are  probably  of  the  same 
age,  but  of  a  later  date  than  the  masses 
which  they  intersect.  The  rock  tra- 
versed by  these  dykes  is  hypersthene, 

a  A  mats  of  Pyrocrystalline         i      i,    .,  ,       ,.      . 

Limestone,  fr  of  Granite,  c  a  and  all   the  subordinate  masses   are 

which  may  be  traced  a  hun- 
dred yards. 


DISTRIBUTION  OF  THE  SUBMARINE  PYROPLASTIC  ROCKS 

IN  THE  UNITED  STATES. 

§  82.  In  the  eastern  section  of  this  country  three  belts  of 
greenstone  are  well  known.  They  belong  to  the  eastern  or 
Atlantic  slope  of  the  Appalachians  and  the  Green  or  Hoosick 
mountains,  and  are  coextensive  with  them.  Two  of  these  belts 
are  parallel,  and  were  synchronously  erupted.  The  eastern  belt 
begins  in  Rhode  Island,  and  extends  entirely  across  the  eastern 
part  of  Massachusetts  into  New  Hampshire.  The  belt  is  promi- 
nently exhibited  in  Weston,  Watham,  Lexington,  Wobum, 
Wrentham,  and  onwards  to  Ipswich  in  New  Hampshire.  The 
direction  of  this  belt,  upon  the  whole,  bears  to  the  eastward. 
It  is  not,  however,  in  a  distinct  belt  or  ledge,  but  a  broad  area 
in  which  these  eruptive  rocks  are  common.  It  is  intimately 
aasociated  with  sienite,  another  eruptive  rock  which  accompa- 
nies it  through  its  whole  route.  The  two  masses  form,  as  it 
were, « large  patch  of  rodis,  encircling  in  part  Massachusetts 
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toy.*  Thit  imMliw  di«tari>edtt<on«l  mtmimctikmm 
atetkm  of  this  «Ute,  and  vucfpiAa^hKf*  b— xtiylad  at 
Ott  epoch,  u  h  muBtjs»  fron  besMth  tlwm.  It  n^^  W 
called  tha  tnp  d"  MMwrTinifrti  Inj.  Tke  iqeaid  Mt,b»- 
loagB  to  the  TiUeyctf  ComMctbut  rim,  and  pMMi  wJiiely 
AsroM  the  Katei  of  CScumecUent  uid  MMMchmatta.  -Iti  dinB^^ 
tkn  is  ttocth  ud  •oath,  and  it  hM  dbturbed  the  tritf  bedi  akng 
it!  line  of  bearing.  It  u  both  mwwTo  and  cohaiaax.  Mamt 
Holyoke  and  mount  Tom  are  oooipicwNis  amtneooai,  fa  ftia 
belt.  It  may  be  called  the  tr^i  belt  of  Coimectieatrinr.  The 
third  belt  of  trap  or  grewntone  ooo^iea  a  part  d  Om  vdOjejf  of 
the  Hodsm  rirar.  It  k  veil  knoim  in  the,  Jostbera  pait-oC  |^ 
vallejr,  iriiere  it  is  called  tho  jpaliwdM.  Thii  feealitT  b^T  ^ 
r^aided  ee  a  topical  rqweeoitatioB  ot  trap.  It  ia  botib  ••- 
luouiar  and  manin:  the  fomer  coiatitatee  tbe.pmmiMOt 
fiBatnre  of  the  rock. .  Tbia  belt  swj  be  called  the  ^dKairinr 
belt  It  qtpeara  to  twminate  ia  a  point  aonth  af  the  Bi^ 
landfl^  bat  it  ii  prdooged  tbroogh  New  JenejTt  and  nmf  be 
traced,  with  a  few  interruptions,  through  Pennsylvania,  Vir- 
ginia, North  and  South  Carolina,  and  into  Georgia.  It  is 
associated  with  the  trias  of  those  states,  or  it  may  be  the 
permian,  inasmuch  as  there  is  evidence  that  the  coal  of 
North  Carolina  is  of  that  age,  instead  of  the  age  of  the  oolite 
or  trias,  as  has  been  maintained.  This  range  of  trap  is  not 
continuous  the  whole  distance  in  the  states  I  have  named.  It 
extends  through  New  Jersey  in  nearly  continuous  ridges,  the 
eastern  parts  of  which  lie  between  New  York  city  and  Newark. 
It  passes  into  Pennsylvania,  and  forms  ridges  in  the  pernuan 
or  triasic  sandstones,  but  is  more  conspicuous  in  the  north- 
eastern counties,  arranged  on  the  line  of  Burke,  Montgomery, 
and  Chester  counties.    The  Coneaeaga  bills  are  trap. 

In  Virginia,  upon  the  same  belt  of  sandstone,  the  trap  ranges 
between  Fredericksburg  and  Buckingham  coun^,  pursuing  a 
southwest  direction  into  Rockingham  county,  North  Carolina. 

*  Sm  PtMideot  Hitchcock'*  Munchtiwtta  Geolofieal  Heporti. 
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It  continues  in  the  direction  to  the  Yadkin.  This  branch 
diverges  to  the  southwest.  Another  begins  near  Oxford,  Gran- 
yille  county,  and  accompanies  the  trias  and  permian  into 
South  Carolina,  where  it  apparently  terminates  again  in  Ches- 
terfield district.  It  has  been  asserted  that  the  Permian  system 
of  sandstones  appear  in  Georgia,  about  halfway  between 
Sayannah  and  Macon.  If  so,  there  can  be  no  doubt  of  their 
being  accompanied  by  this  belt  of  trap. 

The  interesting  feature  of  this  formation  is  the  great  extent 
of  country  it  traverses.  It  is  comparatively  a  narrow  belt  of 
rock,  and  hence  it  seems  to  have  been  ejected  through  a  very 
long  or  continuous  fissure;  and  it  is  not  improbable  that  the 
fissure  extended  far  beyond  the  visible  belt  of  trap.  The  pali- 
sades are,  for  instance,  upon  this  north  and  south  line  of 
fracture,  which  extends  northerly  through  the  valleys  of  the 
Hudson,  Champlain,  and  St  Lawrence,  in  the  range  of  Mont- 
real and  Quebec.  The  trap  rarely  appears  on  this  line  between 
the  Highlands  and  head  of  the  Champlain  valley.  At  this 
point  trap  begins  to  appear  again,  and  with  frequent  repeti- 
tions down  to  port  Kent.  From  this  place  onward  to  Montreal 
the  disturbance  of  the  rocks  is  much  less,  but  at  the  latter 
place  the  phenomena  justify  us  in  regarding  it  as  the  center  of 
a  highly  disturbed  district.    It  may  be  traced  onward  to  Quebec. 

It  doel  not  necessarily  follow  that  this  belt  was  fractured  for 
400  miles  north  of  the  Highlands,  in  New  York,  at  the  time 
the  eruption  of  trap  forming  the  palisades  took  place,  yet  it 
probably  was.  This  erupted  mass  ranges  along  this  fractured 
belt;  and  if  this  belt  extends  to  South  Carolina,  it  is  one  of  the 
longest  lines  of  eruption  east  of  the  Rocky  mountains.  Admit- 
ting the  fact  of  the  continuity  of  this  long  line  of  fracture,  we 
are  led  to  look  for  some  cause  which  determined  its  extent  and 
direction.  We  have  found  a  part  of  this  belt  to  be  occupied 
by  trap  and  greenstone,  and  to  form  a  very  striking  feature  in 
its  geology;  but  upon  other  parts  of  the  belt,  though  the  rocks 
are  fractured,  and  very  much  disturbed,  yet  the  eruptive  rocks 
do  not  appear  at  the  surface:  for  example,  between  the  High- 


lis  AuenicAN  OEOLOfl 

lands  and  the  head  of  the  valley  of  ChampUin.  This  part  of 
the  bell,  logelher  with  the  more  northerly  part  of  it,  between 
Montreal  and  Quebec,  is  upon  a  line  of  junction  between  two 
systems  or  formations,  and  the  juncture  or  belt  in  proximity 
with  it,  19  made  up  apparently  of  the  thlnn(.-st  masses  of  the 
systems,  and  hence  is  a  line  of  weakness.  If  this  position  is 
true,  then,  and  if  it  has  been  one  of  great  tension,  it  explains 
the  fact  of  the  fracture  and  disturbance  upon  the  line. 

Again,  upon  lake  Superior  several  distinct  parallel  belts  ot 
trap  range  in  a  northeast  direction,  taking,  however,  a  curvili- 
near course.  These  traps  consist  of  compact  greenstone, 
amygdaloid,  and  basalt;  they  are  also  chloritic  and  ferruginous. 
The  compact  variety  passes  into  granular  semi -crystal  line  trap, 
«B  whidi  JUaqw  b  vWtilt^  Tha  rock  k  i^aiM  ua|lM. 
^■etfonwJbrthefadcacf  hhtrforif— dfcntnHMdt  -»» 
ItegeaztandiiraB^  «aUw—  IMH  t£  Kin  ■  ■  ii  pMiHa 
MoBtwl  riTar.  hU  Bnjil  fa  rtimpnMiJ  tf  ina^rriA^Miilir  l» 
Sew«oiiM  point  ThegeologicBl-iiiTflrttgitlaiupteteatf  Oe 
trap  belongs  to  the  oldest  Silurian  period,  as  it  alternates  with 
the  Potsdam  sandstone.  Eruptions  of  trap  took  place  while 
the  sandstone  was  in  the  process  of  formation.  This  turns,  it 
is  true,  on  the  correctness  of  the  determinarion  of  the  age  of 
the  magnesian  limestone,  which  rests  upon  the  sandstone.  If 
this  is  equivalent  to  the  calciferous  and  chazee  limestones  of 
New  York,  there  can  be  no  doubt  respecting  the  age  of  the 
underlying  sandstone. 

It  will  be  observed  that  the  trap  is  not  intruded  between  the 
layeiB  of  sandstone  in  the  mode  represented  by  fig.  21,  where  the 
trap  is  in  wedge-form  masses,  and  which  penetrated  the  rock 
subsequent  to  its  consolidation.  In  the  lake  Superior  district, 
the  trap  overflowed  the  sandstone  in  sheets,  which  subsequently 
were  covered  with  another  bed  of  sandstone,  and  then  another 
eruption  covered  the  preceding  with  another  sheet  of  molten 
trap.  There  were  altemationa  therefore  of  melted  rock  and 
sediments  J  the  two  processes  were  going  on  at  intervals,  but  dur- 
ing the  same  epoch. 


6URSRIAL   FTROPLASnC  ROCKS.  113 

The  ranges  of  trap  in  the  far  vest  begin  to  make  their 
appearance  just  beyond  the  verge  of  the  crests  which  divide 
the  waters  of  the  Missouri  from  those  of  the  Columbia  and 
Colorado.  The  Rev.  Mr.  Parker  many  years  since  described 
the  basalts  and  greenstones  upon  the  western  slope  of  the 
Rocky  mountains.  These  eruptive  rocks  appear  not  far  from 
the  head  waters  of  the  Columbia  and  Colorado  upon  the  Pacific 
slope.  A  large  proportion  of  Oregon,  indeed,  is  basaltic.  At 
the  head  waters  of  the  Salmon  river  the  gneissoid  granite 
begins  to  give  place  to  the  pyroplastic  rocks — greenstone,  por- 
phyry, amygdaloid,  and  basalt — ^the  latter  of  which  walls  up 
the  Columbia  at  many  points,  as  at  the  Cascades,  Willamette 
falls,  Grande  Coule,  Walla  Walla,  the  Dalles,  Cape  Horn, 
Smoke  river,  &c.  The  boundaries  of  this  great  region  of  trap 
remain,  however,  undetermined.  It  is  the  largest  and  most 
interesting  geological  field  of  this  formation  in  the  United  States. 
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§  83.  These  rocks  are  erupted  from  craters,  which  in  their 
perfect  forms  are  perforated  cones  formed  over  a  tubular  aper- 
ture leading  to  the  subterranean  incandescent  and  melted  mat- 
ter beneath.  The  beginning  of  a  cone  is  a  fissure,  simple  or 
stellated,  which  in  giving  vent  to  the  melted  matter  is  modified 
in  form  and  condition.  The  line  of  fissure  will  be  filled  by 
erupted  matter,  while  the  orifice  is  rounded  by  the  exit  of  incan- 
descent lava.  The  formation  of  cones  has  often  been  observed. 
Their  shape  and  structure  are  very  uniform.  The  material  is 
derived  from  rocks  which  are  melted  and  partially  altered  at 
unknown  depths,  and  being  forced  upward,  escape  through  the 
vent,  either  at  the  apex  or  at  one  side  of  the  cone.  A  cone 
will  consist  in  part  of  consolidated  erupted  matter  collected 
around  the  vent  If  all  the  substances  formed  beneath  consisted 
of  fused  or  liquid  rock,  flowing  out  at  one  side,  the  synmietrical 
cone  would  not  be  formed,  at  all:  but  as  ashes  and  cinders  are 

ejected,  they  fall  around  it,  and  in  the  course  of  a  few  hours  a 

15 


AMRRICAN    OROLODT.  ^ 

cone  !s  built  up  about  the  orilice  of  the  loosely  coherent  ma- 
terials. 

Volcanic  action  is  not  accompanied  with  the  same  pheno- 
mena at  ditferent  times;  neilher  Jo  ihe  dltiereiit  volcanoes  eject 
the  same  kind  of  material  at  dlflierent  epochs  of  eruption.  At 
one  time  it  is  a  thick  heavy  lava,  which  pours  over  one  or  two 
sides  of  the  crater,  and  slowly  flows  down  the  mountain.  The 
volcanoes  of  llic  Sandwich  islands  are  boiling  pools  of  melted 
rock — excavations  rather  than  craters,  and  their  activity  is 
accompanied  with  moderately  loud  explosions,  and  the  shrill 
hissing  of  steam  issuing  from  a  boiler.  Sometimes,  again,  the 
volcanic  products  consist  of  ashes,  which  fall  in  part  around  the 
crater,  while  the  finer  particles  are  driven  to  distant  countries 
by  the  winds.  While  the  ordinary  products  of  volcanic  action 
cou^ist  of  melted  rock  sufficiently  liquid  to  How,  or  of  commi- 
nuted rock  in  the  condition  of  an  ash,  there  are  still  many  other 
products  which  escape  at  certain  times  from  different  vol- 
canoes. Thus  gases  and  vapors  are  common.  Among  them 
are  nitrogen,  ammonia,  carbonic  acid,  carbuieted  hydrogen, 
and  sulphureted  hydrogen;  boracic  acid  also  escapes  in  the 
steam  in  company  with  ammonia.  Hot  water,  holding  silica 
in  solution  by  means  of  potash  or  an  alkali,  is  a  common  pro- 
duct of  volcanic  action  in  Iceland-  Bitumen  and  naptha  also 
aie  ibund  among  those  products,  especially  at  Taman,  at  the 
western  extremUy  of  the  Caucasus,  and  at  Baku,  a  port  on  the 
Caspian  sea-  The  latter  are  mud  volcanoes  or  salses,  the  bitu- 
nen  and  naptha  being  derived  from  the  superficial  deposits  of 
organic  matter.  The  strongest  indication  of  volcanic  action  in 
our  own  country  was  exhibited  at  New  Madrid  in  18 1 1.  The 
hot  springs  of  Wachita,  and  those  of  California,  witnessed  by 
Mr.  Forrest  Shepard,  must  be  regarded  as  due  to  a  feeble  vol- 
canic action. 

A  phenomenon  which  stands  connected  directly  or  indirectly 
with  volcaoic  forces,  is  the  earthquake.  It  immediately  pre- 
cedes, and  perhaps  continues  during  the  first  outbursts  of  this 
fiirce.     The  earthquake  consists  essentially  of  movements  of  the 
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earth's  surface  in  the  form  of  waves  or  undulations,  which 
travel  with  great  rapidity  in  all  directions  from  the  focus  of 
disturbance.  The  intensity  of  this  movement,  or  the  force  of 
the  shock  communicated  to  the  strata,  is  supposed  to  be  in 
some  way  dependent  upon  the  diameter  of  the  vent  through 
which  gases  and  melted  matter  have  escaped.  The  openings 
of  Vesuvius,  Etna^  and  the  South  American  volcanoes,  are  nar- 
row and  constricted,  and  at  the  same  time  their  coverings  over 
and  above  the  seat  of  activity  are  thick,  and  strengthened  by 
repeated  accessions  of  layers  of  rock  from  beneath,  and  braced 
by  numerous  intersecting  dykes.  Under  these  circumstances 
volcanic  forces  are  confined  by  strong  walls  and  narrow  fun- 
nels; and  hence,  when  the  forces  have  acquired  strength  suffi- 
cient to  rend  asunder  these  walls,  or  force  the  safety-valve,  it 
will  be  attended  with  tremendous  earthquake  shocks.  On  the 
other  hand,  where  there  is  an  opportunity  for  a  free  escape  of 
gas  and  melted  matter,  as  in  the  Sandwich  islands,  Mouna  Loa 
for  example,  where  the  craters  are  rather  deep  and  wide  exca- 
vations, volcanic  action  of  great  intensity  begins  without 
endangering  the  surrounding  country  by  earthquakes.  The 
seat  of  activity  seems  to  be  more  superficial,  and  the  resistance 
to  be  overcome  far  less,  than  those  of  South  America  and 
Europe.  An  eruption  of  the  volcanoes  of  Europe  and  South 
America,  therefore,  is  attended  with  violent  movements  or 
undulations  of  the  crust,  which  are  propagated  firom  the  center 
of  action  in  all  directions.  It  is  to  be  recollected,  that  as  the 
crust  is  not  homogeneous,  and  the  material  through  which  the 
impulse  is  propagated  is  not  equally  dense,  the  effects  of  that 
impulse  must  be  modified  in  its  transit  The  impulse  here  spo- 
ken of  generates  a  wave  in  the  crust  which  usually  moves 
onward,  as  has  been  already  stated,  with  great  velocity  in  all 
directions  from  the  center  which  receives  the  first  shock  of  the 
explosion.  The  surface  rises  and  falls  like  waves  of  the  sea; 
or,  in  other  words,  the  undulations  travel  onward  with  great 
speed  in  obedience  to  the  ordinary  law  of  a  force  propagated 
through  a  resisting  medium.    The  undulation  is  modified,  how- 


?r,  by  the  position  and  condition  of  the  resisting  me^ 
In  its  progress,  a  direct  undulation  may  be  converted  into  a 
gyratory  one  by  an  increased  resistance  in  its  course,  or  into  a 
vertical  one  at  the  place  situated  immediately  ainve  the  point 
of  impulse.  An  instance  of  direct  earthquake  undulation, 
extending  over  a  large  portion  of  Kurope,  a  part  of  Africa,  tJie 
Atlantic  ocean,  and  West  India  islands,  is  well  known  in  the 
remarkable  visitation  of  Lisbon  in  1755;  of  the  gyratory,  or  of 
the  vertical  movement,  which  took  place  in  the  great  Calabrian 
earthquake  in  1783,  by  which  two  obelisks  at  the  convent  of 
St  Bruno  were  twisted  on  a  vertical  axis  without  falling.  Of 
the  vertical  movement,  a  striking  example  occurred  during  the 
earthquake  at  Riobamba,  1799,  where  a  sudden  rise  of  the 
ground  took  place,  which  hurled  the  bodies  of  men  to  a  height 
of  several  hundred  feet. 

Considering  earthquakes  as  earth-waves,  it  is  evident  that 
when  those  waves  are  generated  in  the  ground  beneath  the 
ucean,  their  impulse  must  be  communicated  to  the  water  above, 
whose  motion  will  partake  of  the  same  character.  Waves  will 
therefore  be  generated  therein,  which  will  travel  onward  in 
directions  which  the  impulse  communicates;  but  from  the 
nature  of  the  medium,  the  water-ware  will  travel  with  less 
speed  than  the  earth-wave.  In  consequence  of  this  fact,  a  per- 
son upon  a  shore  where  the  two  waves  are  tending,  will  expe- 
rience first  the  earth-wave,  and  soon  after  the  water-wave  will 
follow;  lastly,  another  wave  will  be  recognized  through  the 
mediuto  of  the  air.  In  each  of  these  cases  the  rate  of  transit 
depends  on  the  nature  of  the  medium  receiving  the  shock. 
Experience  proves  that  the  intensity  of  the  shock  is  very  varia- 
ble in  volcanic  districts.  It  does  not,  however,  seem  to  depend 
directly  on  the  activity  of  volcanic  action,  for  according  to 
Dana^  the  activity  of  Kileaua  is  not  exceeded  by  that  of  any 
other  volcano;  yet  earthquakes  are  rare  and  feeble,  even  when 
a  force  immeasurable  by  us  in  its  power  is  manifested  in  some 
of  the  results  of  this  action,  especially  in  rending  the  earth  for 
twenty-five  miles   without   having  produced   an   earth-wave 
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worthy  of  notice;  while  in  other  cases  the  visible  activity  is 
much  less,  but  is  accompanied  with  disastrous  and  terrific  effects. 
A  fact  should  be  stated  in  this  place,  which  is  probably  the 
most  important  one  which  attends  volcanic  activity — it  is  the 
change  of  level  which  a  country  often  suffers  during  its  parox- 
ismal throes.  The  coast  of  Chili,  for  example,  in  1822,  was 
permanently  elevated  for  one  hundred  miles,  in  some  places  more 
than  ten  feet,  in  others  less.  Large  areas  in  all  countries  furnish 
many  facts  in  proof  that  they  have  undergone  a  similar  change 
of  level.  It  is  not  determinable  now  whether  those  changes 
occurred  during  a  single  paroxysmal  effort;  but  where  a  coast 
has  been  stationary  a  long  time,  and  then  appeals  to  have  been 
stationary  again  at  a  higher  level,  the  probability  favors  the 
paroxysmal  view.  But  wide  areas  are  elevated  slowly,  and 
apparently  uniformly.  Where  the  change  is  going  on  slowly, 
as  in  Scandinavia,  and  perhaps  on  our  own  coast,  it  may  be 
due  to  the  expansion  of  rocks  by  heat. 


CAUSES  OF  VOLCANIC  ACTION. 

§  84.  Much  has  been  said  and  written  of  the  cause  or  causes 
of  volcanic  action,  and  for  the  solution  of  the  question  many 
ingenious  and  indeed  philosophical  reasons  have  been  proposed. 
Among  the  causes  assigned,  chemical  action,  excited  by  electro- 
magnetic arrangements,  has  had  many  advocates.  Known 
analogies  are  favorable  to  this  theory.  We  may  arrange  our 
apparatus,  or  we  may  devise  in  the  laboratory  the  needful  con- 
ditions for  imitating  nature's  processes  within  the  earth,  hence 
its  favorable  reception;  and  it  is  not  strange  that  chemical 
forces  have  been  regarded  as  the  prime  agencies  of  volcanic 
action.  When  we  take,  however,  a  larger  view  of  the  facts 
and  phenomena  which  constitute  in  the  aggregate  the  volcanic 
forces,  we  can  hardly  refuse  to  admit  that  the  chemical  actions 
which  no  doubt  go  on  on  a  magnificent  scale  during  the  erup- 
tive periods,  are  effects  and  not  causes.  We  are  therefore 
driven  to  the  necessity  of  going  still  farther  back  in  order  to 


find  the  primal  cauise;  and  it  is  do  disparagement  to  the  intel- 
leciual  power  of  man  to  acknowltdge,  that  respecting  thv 
priiuaJ  cause  we  see  only  the  hand  of  inlinily  who  kindled  thi! 
once  blazing  fires  of  the  universe  of  matter.  How  or  when, 
tire  questions  too  deep  for  us  to  answer.  We  may  therefore 
regard  the  primal  cause  as  the  remains  of  that  origiaal  incan- 
descent stale,  and  it  is  the  prolonged  activitv  only  of  the  burn- 
ing mass  which  has  but  just  retired  to  the  deeper  parts,  above 
and  around  which  the  crust  has  become  scaled  as  it  were  by 
simple  cooling. 

As  terrestrial  volcanic  action  is  to  us  the  most  interesting  of 
gi^ological  phenomena,  this  circumstance  alone  has  led  both 
geologists  and  astronomers  to  scrutinize  with  great  care  the 
only  heavenly  body  which  admits  of  examination,  in  order  to 
ascertain  if  our  satellite  shows  indications  of  the  same  agencies 
of  which  I  am  speaking.  The  result  of  these  examinations 
has  clearly  proved  that  the  moon  has  been  the  theater  of 
intense  volcanic  action.  This  luminary,  which  shines  with 
such  silvery  light, and  apptars  so  plane  and  even,  becomes  un- 
der the  telescope  studded  with  rough  and  ringed  mountains, 
whose  tops  are  crateriform,  or  its  planes  have  the  semblance 
of  deep  excavations,  in  which  are  standing  sharp  conical  peaks, 
perforated  like  the  cones  of  Vesuvius,  Etna,  and  Cotopazi. 

Our  satellite,  then,  is  but  a  smaller  pattern  of  the  eailii, 
exhibiting,  an  intenser  volcanic  action  than  that  of  the  earth — 
a  fact  which  is  probably  due  to  the  absence  of  water,  an 
agent  which  upon  (he  earth  has  modified  its  surface  so  &T 
as  to  conceal  in  part  beneath  the  sedimentary  rocks  its  original 
volcanic  nature.  The  moon,  however,  presents  its  face  covered 
with  ancient  eschars,  which  time  never  has  healed,  and  which 
are  destined  to  remain  in  all  their  original  roughness  and 
rigidity. 

In  illustration  of  lunar  volcanic  phenomena,  I  have  presented 
the  student  with  a  crystallotype  of  her  surface,  which  was  taken 
by  Mr.  Whipple  with  the  Harvard  telescope.  It  will  be 
observed  that  her  surface  is  studded  with  prtuninences  which 
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represent  faithfully  its  structure.  The  strong  shadows,  which 
are  visible  under  the  telescope,  are  but  faintly  perceptible  in 
this  likeness.  But  what  is  particularly  worthy  of  notice,  are 
the  lunar  craters,  which  are  represented  by  the  circular  projec- 
tions upon  different  points  of  her  face.  The  stellated  fractures 
or  fissures  produced  by  soulevements  of  her  crust,  are  among  the 
remarkable  features  of  the  portrait. 

In  order  that  the  student  may  locate  the  lunar  volcanic  peaks, 
I  have  copied  a  diagram  from  the  Penny  Cyclopedia,  fig.  24,  upon 
which  the  relations  of  many  of  their  points  may  be  observed  at 
leisure*  But  I  would  particularly  recommend  the  study  of  the 
moon's  surface  by  means  of  a  good  telescope. 

The  arrangement  of  lunar  volcanoes,  like  those  of  the  earth, 
is  very  nearly  in  lines,  which  indicates  their  connection  by 
means  of  passages  beneath.  Considering  the  mass  of  the  moon, 
and  the  rapidity  with  which  heat  escapes  into  space,  it  is  pro- 
bable volcanic  action  has  long  since  ceased,  and  that  its  primal 
fires  were  long  ago  extinguished. 

The  moon  has  neither  an  atmosphere  or  water  upon  her  sur- 
face. The  temperature  of  the  moon  is  different  from  that  of 
the  earth.  She  has  fourteen  and  three-fourths  days  of  simlight, 
and  of  course  the  same  number  of  days  (terrestrial)  of  darkness. 
Intense  heat  and  cold  succeed  each  other.  The  moon's  mass 
is  s^  of  that  of  the  earth,  and  the  average  density  of  her  mate- 
rial 0*615  or  ^%  of  the  earth.  Hence  a  body  weighing  six 
pounds  at  the  earth,  would  weigh  one  pound  at  the  moon,  if 
each  weight  retained  its  terrestrial  gravity.  Some  of  her 
circular  or  cusp-shaped  mountains  exceed  one  and  a  half  miles 
in  height     I  have  already  spoken  of  their  volcanic  character. 


n  Outlint  Plm 
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SECTION  OF  THE  EARTH'S  CRUST. 

§  85.  This  section  is  designed  to  illustrate  the  structure  of 
the  earth's  crust  at  the  parallel  of  40°  or  45®  N.  If  a  segment 
of  the  earth  were  cut  off  at  this  parallel,  we  may  suppose  the 
lower  part  of  the  consolidated  face  to  consist  of  pyrocrystalline 
rocks  intersected  by  veins  of  the  same  material,  but  of  a  date  pos- 
terior to  the  original  consolidated  matter.  These  veins  consist  of 
the  newer  granites,  dykes  of  trap,  serpentine,  veins  of  iron, 
copper,  lead,  &c.;  and  as  there  is  no  country  which  has  been 
explored,  which  does  not  furnish  clusters  of  veins  and  dykes  ot 
some  kind,  we  may  regard  the  crust  as  constituted  of  pyrocrys- 
talline rocks,  penetrated  everywhere,  and  traversed  by  a  net- 
work of  veins.  As  Vesuvius,  Etna,  and  South  American  vol- 
canoes are  but  ejected  matter  in  beds,  which  are  fissured  and 
dyked  in  every  direction,  so  the  general  crust  may  be  regarded 
as  equally  fissured  and  traversed  by  the  more  recent  of  the 
erupted  rocks  in  the  form  of  veins  and  dykes.  It  has  been 
stated  in  the  preliminary  remarks,  that  the  bottom  of  the  ocean 
is  not  a  plane,  but  an  irr^ular  surface  of  the  same  character 
as  the  dry  land — sinking  in  places  to  the  most  profound  depths, 
and  rising  again  in  mountain  peaks,  some  of  which  reach  the 
ocean's  level,  while  others  peer  just  above  it.  All  those  parts  of 
the  earth's  crust  which  lie  beneath  the  area,  represented  as  Ame- 
rica, Europe,  and  Asia,  were  once  beneath  the  oceans.  The  vast 
amount  of  sediments  which  are  accumulated  upon  these  conti- 
nents show  the  vastness  of  the  time  during  which  they  were 
covered  with  water;  and  as  the  extreme  height  of  the  mountains 
of  these  continents  nearly  equal  the  profoundest  depths  of  the 
oceans,  the  vertical  exposure  of  the  crust,  or  the  depths  to  which 
our  observations  may  extend,  rather  exceed  60,000  feet 

The  only  points  to  which  I  wish  to  call  the  attention  of  the 
student,  on  the  physical  map  of  the  world,  are  the  general  direc- 
tions of  the  old  and  new  continents,  both  of  which  were  deter- 
mined by  the  direction  of  the  upheaval  of  their  principal  moun- 
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tain  chains.  In  the  old  world  the  direction  is  nearly  east  and 
west,  and  in  the  new,  north  and  south;  both  conlineols  are  there- 
fore prolonged  in  the  direction  of  these  mountain  chains.  The  de- 
scription of  the  subordinate  mountain  chains  will  be  furnished  in  a 
subsequent  part  of  this  work.  The  geological  column  is  designed 
to  show  the  relation  of  the  systems  of  rocks  to  each  other.  The 
sediments  or  hydroplastic  rocks  are  represented  as  reposing  upon 
each,  according  to  their  age;  and  though  the  pyrotiystalline 
are  represented  as  lying  also  one  above  the  other,  ihis  is  by  no 
means  the  constant  order  of  arrangement.  Fig.  1  represents 
granites  of  diflerent  ages,  penetrated  by  a  volcanic  funnel  or 
tube,  terminating  in  a  crater.  Figs.  3  and  4  a  trap  djlce  and 
vein  intersecting  the  laminated  pyrocrj^slalline  rocks,  which 
consist  of  masses  of  gneiss,  mica  slate,  hornblende,  and  talcose 
slate,  upon  which  the  oldest  of  the  sediments,  the  Taconic  sys- 
tem, reposes.  At  different  places,  however,  the  several  systems 
of  sediments  are  found  reposing  directly  upon  the  primary  and 
crystalline  rocks.  Thus  the  permian  system  in  North  Carolina; 
the  new  red  of  the  Connecticut  valley  rest  upon  the  pyrocrys- 
talline  rocks,  proving  that  the  places  where  those  rocks  are 
spread  out  and  deposited,  were  subterial  until  these  geological 
periods.  The  relative  lengths  of  the  geological  periods  are 
approximately  represented  in  the  column.  It  shows  to  the  eye 
that  the  paleozoic  periods  were  immensely  longer  than  the 
messozoic  and  kainozoic.  These  periods  are  the  great  triads 
of  geologic  history.  The  paleozoic,  is  the  period  remarkable 
for  its  duration;  the  other,  for  the  rank  of  the  organisms 
entombed  in  their  strata. 


MINING. 
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APPLICATION  OF  GEOLOGICAL  FACTS  AND  PRINCIPLES  TO 

THE  BUSINESS  OF  MINING. 

§  86.  Mining  can  be  conducted  safely  only  by  employing  the 
principles  of  geology  as  guides  in  conducting  its  labor. 
It  is,  therefore,  a  practical  application  of  the  observations  of 
geologists  which  constitutes  scientific  mining.  Mining,  as 
commonly  understood,  is  the  extraction  of  ores  from  the  beds 
and  veins  which  they  occupy  in  the  earth.  Its  signification, 
however,  may  be  extended  so  as  to  embrace  the  removal  of 
rock  as  well  as  ores  from  their  beds;  embracing,  also,  what  is 
usually  known  as  quarrying. 

Though  mining  is  strictly  the  application  of  labor,  as  I  have 
just  defined,  yet  it  has  its  theoretical  part  which  is  really  of 
great  importance,  especially  when  facts  form  the  foundation  of 
those  views.  These  constitute  the  philosophical  part  of  the 
business.  The  skillful  laborer  will  not  disregard  this  part  of 
the  subject;  it  will  even  aid  his  mechanical  labors  in  detaching 
the  useful  parts  of  the  mine  or  of  a  quarry  from  their  beds,  and 
assist  him  in  bringing  to  light  the  riches  hid  in  the  earth's 
bosom. 

Mining,  in  the  comprehensive  sense  in  which  I  design  to  use 
the  term,  may  be  treated  of  under  the  following  heads: 

1.  The  theory  of  the  formation  of  those  depositories  which 
contain  the  metals  and  ores. 

2.  The  structure  of  those  depositories. 

3.  The  changes  which  the  mineral  undergoes  in  depth. 

4.  The  best  modes  for  extracting  their  metals  and  ores, 
including  those  which  have  been  devised  for  raising  blocks  of 
rock  from  their  beds. 

5.  The  expense  attendant  upon  dijQTerent  kinds  of  work  in 
mining  and  quarrying. 

6.  The  value  of  the  products  of  mining. 

1.  In  the  foregoing  part  of  this  treatise  I  have  already  had 
occasion  to  speak  of  points  which  belong  to,  and  which  also 


illu:ttral<-,  the  subjed    under  consideralirm.     Notwithstani 
this,  it  will  be  necessary  to  recapitulale  cerlain  facis  and  prin- 
ciples which  have  an  intimate  bearing  upon  Ihe  subject. 

In  the  first  pkce,  we;  must  look  u]>oii  hII  the  repositories  of 
the  ores  and  metals  as  ancient  ariangemenis,  by  which  they 
are  made  accessible  to  us;  and  that  those  arrangemeRts  are  the 
necessary  result  of  the  constitution  of  the  globe.  They  are 
by  no  means  to  be  regarded  as  accidents,  arising  from 
conditions  which  might  have  been  otherwise.  They,  too,  are 
general  results,  confined  to  no  limitH  scale;  and  when  the 
forces  and  plan  were  determined,  upon  which  to  form  anil 
fashion  the  earth,  the  results  of  which  1  have  spoken  became 
an  essential  part  of  those  causes,  and  it  would  have  required 
special  instrumentalities  to  hare  prevented  their  operation  just 
as  we  now  see  them  to  have  operated.  Il  is  for  this  reason 
that  the  formation  of  repositories  for  the  metals  has  been  con- 
trolled by  law,  by  which  certain  constants  may  always  be  looked 
for.  This  being  the  case,  the  miner  has  not  overlooked  the 
plainest  of  these  results,  but  is  constantly  referring  to  them  in 
his  operations  with  confidence. 

It  is  not  necessaiy  that  we  should  connect  these  laws  with 
the  early  conditions  of  the  globe,  in  order  to  understand 
them;  but  as  facts  it  is  proper  that  they  should  be  borne  in 
mind.  What  was  that  original  condition,  then,  which  gave 
birth  to  the  repositories  of  the  metals?  It  was  that  incandes- 
cent state  of  the  crust  of  the  globe,  of  which  I  have  already  had 
occasion  to  speak.  We  have  no  occasion  now  to  inquire  what 
gave  birth  to  that  incandescent  state;  the  fact  is  attested  in  the 
phenomenaeverywhere  visible  in  those  portions  of  the  earth 'scrust 
which  belong  to  its  earliest  epoch.  The  most  important  effect 
of  this  state  is  the  expansion  of  the  crust,  or  the  occupation  of 
a  larger  space  (or  the  time  being.  But  the  earth,  situated  in 
space,  and  in  a  colder  medium  than  itself,  has  necessarily  lost 
that  primitive  heat  which  belonged  to  its  earliest  stage  of 
existence.  It  has  cooled,  and  the  most  important  result  which 
interests  mining,  is  the  consequent  contraction  of  the  cooled 
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part.  Contraction  has  severed  the  bonds  of  the  continuity  of 
the  strata;  and  those  fractures  which  are  the  result  of  the  cool- 
ing process  have  been  made  in  comparatively  straight  lines,  or 
in  given  directions;  or  we  may  regard  the  causes  of  fractures 
simply  as  subterranean,  but  due  to  general  conditions,  and 
which  must  necessarily  affect  the  whole  of  the  cooling  envelope. 

The  fact  that  fissures  may  be,  and  probably  are  thus  formed, 
is  agreeable  to  all  that  is  known  of  cooling  bodies;  and  obser- 
vation which  has  been  directed  to  those  fissures  proves,  in  the 
general  at  least,  that  the  fissures  are  made  in  lines  of  bearing 
quite  constant.  We  may  not  infer  that  a  mechanical  force  is 
applied  beneath  a  stratum,  and  has  erupted  those  strata  in  the 
lines  I  have  spoken,  as  a  previous  step  in  the  formation  of  a 
vein.  A  cooling  state  has  given  rise  to  a  state  of  tension, 
which  increases  in  the  direct  ratio  of  the  diminution  of  tempe- 
rature, which  is  finally  too  great  to  be  borne,  when  the  conti- 
nuity is  broken.  It  is  true  that  a  subterranean  force  is  often 
operative  in  the  mode  represented,  and  by  which  strata  are 
uplifted  and  fractured;  but  it  is  more  consonant  to  facts  to  sup- 
pose that  vein  fissures  are  the  result  of  cooling  and  the  great 
tension  which  arises  therefrom.  As  a  general  rule  the  direc- 
tion which  a  fissure  has  taken  was  in  a  line  of  the  weakest  part 
of  the  stratum;  but  it  is  easy  to  conceive  that  a  greater  strain 
may  be  made  upon  a  stronger  part,  so  as  to  form  a  fracture  in 
a  line  which  is  apparently  along  the  strongest  part  of  the 
stratum.  In  crystalline  rocks  the  planes  of  lamination  must  be 
r^arded  as  weaker  planes,  and  hence  it  is  that  a  very  large 
proportion  of  our  veins  of  magnetic  iron  lie  along  those  planes. 

Having  alluded  very  briefly  to  the  force  which  has  been 
operative  in  the  formation  of  vein  fissures,  it  is  proper  that  I 
should  speak  of  the  manner  and  force  by  which  they  are  filled. 
It  is  in  the  first  place  admitted  that  the  matteii;  which  fills  those 
fissures  was  liquid  or  semi-fluid  at  the  time  it  passed  into  them; 
and  furthermore,  that  the  vent  produced  by  over  tension  ex- 
tended to  the  liquid  or  semi-fluid  mass  below.  It  is  inconsist- 
ent with  known  facts  to  suppose  the  fissures  to  have  been  filled 
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with  matter  in  a  solid  state.  The  lilting  of  fissures,  then,  Is 
supposed  tiy  many  to  have  been  effected  by  subterranean  forces 
analogous  to  the  forcing  of  fluids  upwards,  or  in  any  direction, 
by  the  elastic  force  of  vapors  acting  upon  a  molten  mass;  or  a 
new  way  being  opened,  it  is  forced  by  the  elasticity  of  vapor 
into  that  way.  It  would  be  difficult  to  disprove  such  a  view  of 
the  manner,  but  under  certain  conditions  it  is  unnecessary 
to  bring  to  our  aid  the  elastic  forc«  of  any  fluid;  for  a  fissure 
being  opened  so  as  to  communicate  with  a  semi-fluid  matter 
below,  would  necessarily  fill  instantly,  in  consequence  of  the 
vacuity  of  the  fissure  itself.  It  would  take  place  in  the  same 
way  that  water  rises  in  an  exhausted  receiver  of  an  air  pump; 
or  it  would  rise  up  and  fill  the  vacuity  by  what  is  sometimes 
called  suction.  This  view  comports  with  the  remark,  that 
means  would  have  lo  be  devised  to  prevent  the  filling  of  fissures 
under  the  present  arrangement.  Again,  it  is  evident  that  veins 
are  not  always  opened  to  the  width  we  find  them  by  one  single 
operation  of  the  force  of  tension.  In  the  regular  cooling  of  the 
crust,  which  goes  on  subsequent  to  the  formation  and  filling  of 
a  fissure,  it  is  evident  that  as  the  cooling  may  still  go  on,  the 
tension  or  strain  will  begin  anew.  Now,  under  these  circum- 
stances less  force  will  be  required  to  widen  anew  the  former 
fissure;  for  we  can  scarcely  suppose  that  the  filled  fissure  will 
unite  the  torn  edges  of  rock  so  as  to  equal  at  all  its  former 
strength  of  attachment:  the  fissure  will  therefore  run  along  the 
line  of  the  old  one  with  ease  and  certaintj^  because  that  has 
now  become  the  weak  part.  This  will  result  in  the  addition 
of  new  matter  to  the  vein;  and  it  is  not  at  all  improbable  that 
in  the  extent  upheaved,  as  well  as  in  the  line  of  bearing,  it  may 
be  increased. 

I  am  disposed  to  adopt  the  foregoing  view  of  the  manner, 
as  well  as  that  wjiich  relates  to  the  force  by  which  fissures  are 
filled.  I  do  not  reject,  however,  the  view  which  brings  in  the 
instrumentality  of  an  elastic  force  of  a  gaseons  fluid,  by  whi.ch 
the  semi-fluid  matter  is  forced  upward  into  a  fissure.     Both. 
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modes  have  undoubtecUy  been  operative  under  different  circum- 
stances. 

But,  again,  there  are  other  kinds  of  veins — ^those  which  have 
no   communication   above   or   below   with  a   fluid   or   liquid 
matter.       They   are    fissures   which    begin,   and   which   end 
in  the  rock,  and  yet  these  fissures  are  filled.     In  furnishing 
an  explanation  of  cases  of  this  kind,  we  must  recognize  the 
existence  of  the  same  forces  as  those  which  I  have  alluded  to. 
The  fissures  are  produced  by  tension  in  a  cooling  or  drying 
mass,  and  when  they  terminate  in  the  rock  the  fissures  are 
absolute  vacuities — each  fissure  is  a  vacuum.     The  filling  of 
such  fissures  is  effected  in  a  mode  similar  to  that  already  inti- 
mated— by  fluids  charged  with  lime,  or  any  matters  contained  in 
the  rock  which  are  soluble  under  the  circumstances;  for  towards 
the  fissure  soluble  matter  will  tend,  and  crystallization  will 
take  place,  and  the  fissure  will  ultimately  be  filled  with  it.     It 
may  be  inquired,  how  it  happens  that  veins  possess  such  a  unifor- 
mity of  width.     It  may  be  answered  satisfactorily  in  this  way:  a 
given  rock,  mica  slate  or  gneiss,  possesses  a  great  degree  of  uni- 
formity in  texture,  and  hence  the  different  parts  of  the  mass 
expand  or  contract  alike  by  equal   increments  of  heat.     A 
fissure  may  proceed  from  above  downwards,  as  the  outer  sur- 
face will  cool  faster  than  the  inner;  but  its  subsequent  exten- 
sion through  this  uniform  mass  of  matter  will  form  a  fissure  of 
nearly  the  same  width  throughout,  though  it  may  be  success- 
ively formed.     We  may  justly  suppose,  however,  that  in  case 
a  fissure  proceeds  firom  the  outer  surface  inwards,  the  resistance  of 
tension  will  be  less  in  the  interior  and  lower  parts  of  the  rock; 
hence  a  fissure  may  rend  the  lower  stratum,  as  it  were  prema- 
turely to  a  great  depth,  the  tenacity  being  proportioned  to  the 
state  of  consolidation. 

We  can  with  difiiculty  resist  the  conclusion,  that  as  fissures 
are  formed  by  the  cooling  of  the  surface,  the  width  of  a  fissure 
must  necessarily  be  wider  at  the  surface  than  at  considerable 
depths  in  the  interior.  The  true  mode  of  representing  fissures 
or  veins  in  diagrams  should  be  in  accordance  with  this  view. 


The  depth,  however,  to  which  mineg  penetrate  the  earth's  cnM 
is  exceeilingly  smaJl  compared  with  the  earth's  semi -diameter, 
or  even  with  that  of  fifty  or  one  hundred  miJps.  We  have  no 
occasion,  therefore,  to  attempt  to  illustrate  this  priDciptc  by  a 
difTerent  mode  than  the  one  which  is  usually  employed. 

But  another  fact  may  require  a  word  of  ejcplauation.  A 
6ssure  or  vein  is  shifted,  or  is  j(^ged  out  of  its  line  of  bearing. 
Vie  may  suppose  iu  such  a  case,  that  while  cooling,  the  stratum 
is  xiibjecled  to  an  unequal  tension  of  its  parts,  or  to  a  tension 
in  two  directions.  Hence,  we  may  infer  that  a  shift  in  the  posi- 
tion of  a  part  on  one  side  of  the  fissure  may  take  place  at  the 
moment  the  tenacity  of  the  rock  yields  to  this  force  in  another 
dirirrlion.  Or  the  shift  may  take  place  at  a  period  long  subse- 
quent to  the  first  fissuration,  by  the  tension  in  an  opposit  e  direction 
to  the  first;  the  shifl  taking  place  by  an  unequal  support  of  the 
mass.  1  can  not  conceive  that  the  force  of  the  entrance  of  the 
matter  of  the  vein,  tends  to  the  displacement  of  the  stratum. 
Its  entrance  acts  equally  upon  the  sides  of  the  fissures;  and 
though  it  is  evident  that  there  is  considerable  friction  upon 
the  sides  by  the  striation  of  the  walls  and  the  vein-stone,  still, 
it  may  he  due  to  the  weight  of  the  mass  resting  upon  an  unsta- 
ble foundation. 

If  a  fissure  opens  to  the  surface  from  a  great  depth,  hut  does 
not  extend  to  the  molten  mass  beneath,  it  becomes  a  water 
course,  a  drainage  fissure,  upon  the  sides  of  which  incrusting 
matter  will  he  deposited.  This  is  called  veinstone,  or  the 
gangue,  and  with  its  metallic  associates  forms  the  vein.  The 
upper  part  of  a  vein  fills,  or  is  filled,  in  part,  by  veinstone 
intermixed  with  metal  in  specks  or  small  lumps,  which  are 
diffused  through  it  very  sparingly  at  or  near  the  top,  but  with 
an  increase  of  depth  increases  in  quantity. 

In  addition  to  the  function  of  drainage,  fissures  may  become 
galleries  of  sublimation,  in  which  the  sulphurets,  chlorides,  &c., 
will  be  deposited.  Metallic  zones  and  stripes  of  metal  will  tra- 
verse  the  gangues  wherever  they  are  penetrable  by  subterranean 
exhalation.   The  exhalations  passing  upwards  through  the  crater 
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of  a  volcano,  cany  up  with  them  ferruginous  combinationSy  which 
condense  on  spicula  of  lava,  or  colder  pieces  of  rock,  which 
project  into  the  passage.  The  sulphuret  of  lead  melts  in  the 
furnace,  and  in  cooling  returns  again  to  its  original  sulphureted 
state.  Both  lead  and  copper  volatilize  by  furnace  heat,  and  may 
be  condensed  again;  so  subterranean  exhalation  will  condense 
upon  the  cold  surfaces  of  fissures.  These  facts  leave,  however, 
other  facts  observed  in  mines  unexplained.  The  Rossie  mines 
furnish  large,  fine  crystals  of  sulphurets  as  well  as  crystalline 
masses  enclosed  in  crystals  of  calc  spar;  a  fact  which  seems  to 
sustain  the  view  that  the  materials  were  mingled  together  in  the 
great  furnace  beneath,  and  were  ejected  bodily  into  the  vein. 
In  all  those  cases  where  lime  and  the  sulphurets  are  intermin- 
gled in  this  way,  it  is  evident  that  their  fusion  took  place 
under  great  pressure,  otherwise  they  would  both  have  been 
decomposed,  and  it  is  highly  probable  sulphates  would  have 
been  formed;  as  it  is,  we  have  reason  to  conclude  that  the  mine- 
rals fused  without  parting  with  their  sulphur  or  carbonic  acid. 

From  the  foregoing  views,  we  are  justified  in  the  belief  that 
vein  fissures  are  not  filled  by  one  mode  only,  but  that  they  may 
have  been  filled  by  two  or  more  modes  conjointly;  the  upper 
portion  by  endosmosis  in  part  as  a  drainage  fissure,  and  the 
lower  by  injection,  or  by  pressure,  or  sublimation.  The  copper 
veins  of  Cornwall  rarely  contain  copper  at  less  than  a  hundred 
feet  from  the  surface;  yet  there  is  a  fissure  with  its  veinstone.  I 
have  said  nothing  of  the  electro-magnetic  force  as  an  agent, 
for  I  conceive  that  the  detection  of  this  agent  is  not  proof  that  it 
has  been  operative  in  the  modes  assigned  to  it. 

I  have  probably  presented  the  simplest  view  of  the  formation 
of  metallic  veins;  and  if  no  other  agencies  were  operative  than 
that  of  the  cooling  of  the  earth's  crust,  the  business  of  mining 
would  be  less  complicated  and  more  certain  than  it  is.  It  is  to 
be  recollected,  however,  that  consolidated  rocks  have  been  sub- 
jected to  many  disturbing  agencies  at  difierent  times,  and  it  is 
well  known  that  a  mining  district  is  always  one  in  which  those 
agents  have  been  particularly  active.     An  undisturbed  district 
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is  never  a  mining  one,  though  it  does  not  follow  that  h11  dis- 
turbed districts  are  rich  in  mines.  But  without  doubt  all  min- 
ing districts  have  been  the  seat  of  great  disturbances  of  the 
strata.  Tbey  have  been  subjected  lo  chemical  as  well  as 
mechanical  forces;  strata  have  been  crushed  and  displaced  by 
faults,  and  along  with  those  displaced  strata  tlieir  mineral  veins 
have  suffered  displacement  also. 

CONTINDIXy  AND  PERSISTENCE  OF  VEINS  IN  DEPTH. 
^i  87.  The  expenditure  of  capital  in  mining,  is  warranted  only 
where  there  is  a  good  degree  of  assurance  of  the  persistence 
of  the  vein  in  adownward  direction.  While  it  must  be  admit- 
ted that  each  particular  case  should  have  its  own  evidence  of 
its  continuity,  still  that  evidence  is  based  on  general  facts  and 
principles.  We  refer  in  the  first  place  to  the  theoretical  views 
we  have  offered  relative  to  the  origin  and  formation  of  veins. 
If  that  theory  is  sustained  by  observation,  we  are  carried  a 
great  way  towards  a  satisfactory  establishment  of  a  persistence 
of  veins  in  a  downward  direction;  subject,  however,  to  an  intei^ 
ruption,  it  may  be  by  the  operation  of  local  causes,  which  may 
have  deranged  or  interrupted  the  formation  of  the  vein  fissure. 
We  may  not,  however,  neglect  the  teaching  of  facts  as  they 
are  being  furnished  by  the  workings  of  the  oldest  mines.  To 
the  mining  records  of  other  countries  where  it  has  been  the 
business  for  centuriea,  we  may  refer  with  great  satisfaction.  The 
veins  in  the  mining  district  of  Cornwall,  England,  have  been 
pursued  successfully  to  the  depth  of  18(K)  feet  It  was  thought 
by  one  class  of  geolf^ists  that  they  had  become  less  rich  at  the 
depth  of  600  to  1200  feet;  still  tbey  appear  to  retain  their 
richness  to  day  with  very  little  or  no  abatement,  to  the  depth 
of  nearly  3000  feet.  There  are  still  deeper  mines  in  the  dis- 
tricts of  the  Hartz  mountains.  Those  of  Clausthal  and  Zeller- 
thal  have  been  pursued  to  the  depth  of  1920  feet  Those  in  the 
district  of  Andreasberg,  2400  feet.  In  the  neighborhood  of 
Freybo^,  Saxony,  the  mines  have  been  worked  to  the  depth  of 
1800  feet.     The  Mexican  silver  mines,  have  been  explored  to 
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the  deptli  of  1600  or  1600  feet;  and  the  quicksilver  mines  of 
Almaden,  in  Spain,  have  sustained  their  richness  beyond  the 
depth  of  900  feet. 

The  continuity  of  veins  in  the  direction  of  their  strike,  has 
not  been  determined  v^itb  exactitude.  Some  of  the  veins  of 
Freyberg  are  known  to  extend,  in  length,  from  12,000  to  24,000 
feet  Another  is  known  to  extend  36,000.  But  in  the  direction 
of  their  strike  or  bearing,  there  is  a  great  variation  in  their 
condition.  An  auriferous  vein  of  quartz  in  Maryland,  extend- 
ed only  20  or  24  feet  in  its  line  of  bearing,  plunging  down  at 
each  extremity  on  a  rapid  slope;  and  yet  there  is  little  doubt 
that  its  depth  continuously  is  as  great  as  any  of  the  auriferous 
veins  of  our  country,  whose  line  of  bearing  may  be  traced  for 
one  or  two  miles.  The  records  of  mining  furnish  many  curious, 
as  well  as  interesting  facts.  Veins  are  often  explored  for  seve- 
ral years  without  returning  a  compensation  for  the  labor  and 
expense  incurred,  when  they  are  abandoned.  After  many  years 
of  rest,  an  enterprising  miner  or  capitalist,  who  is  acquainted 
with  the  history  of  its  former  working,  having  faith  in  its  value, 
reopens  the  mine  and  pursues  it  with  great  success.  Occurrences 
of  this  kind  are  common  in  all  mining  countries.  They  show  in 
the  first  place  what  superior  skill  may  accomplish;  or,  indeed,  the 
subsequent  success  may  have  arisen  not  so  much  from  superior 
skill  in  working,  as  from  having  opened  a  richer  part  of  the 
mine.  All  experience  in  mining  proves  that  the  wealth  of  a 
mine  is  variable;  some  zones  are  rich,  while  others  are  compara- 
tively poor;  and  this  fact  is  one  which  should  be  universally 
known;  it  is  one  which  the  capitalist  should  be  prepared  to  meet 
in  any  mine,  however  rich  it  may  be  at  certain  points  of  explo- 
ration. This  remark  is  applicable  to  veins  of  lead,  copper, 
silver  and  gold,  rather  than  of  iron. 

Veins  have  been  observed  to  terminate  in  the  direction  of 
their  strike,  in  many  thin  branches,  which  appear  to  be  lost  in 
the  rock.  It  is  not,  however,  determined  that  those  smaller 
branches  are  always  the  extreme  ends  of  those  veins,  for  the 
fissure  may  have  opened  wider  beyond  their  apparent  termina- 


tion5,aD(l  hence  be  prolonged  still  farther.  Vein  fissuresev 
beneath  the  soil  farther  than  the  indications  upon  the  surface 
warrant  us  to  expect.  In  the  direction  of  the  strike  tbey  may 
plunge  down  beneath  the  surface  on  a  gentle  or  steep  slope. 
The  outcrop  is  lost — the  fissure  does  not  extend  to  the  surface — 
the  lamina  of  rock  are  in  contact — and  yet  the  vein  is  prolong- 
ed, and  may  reappear  in  an  outcrop,  several  miles  from  the  points 
where  it  is  known.  The  argentiferous  galena  vein  of  Davidson 
county  was  struck  in  an  excavation  six  miles  northeast  of  its 
principal  workings,  and  yet  the  surface  gave  no  signs  of  its 
preseuce  beneath,  in  instances  of  this  kind,  the  vein  plunges 
downward  to  an  unknown  depth,  when  it  takes  an  upward 
movement  and  ascends  to  the  surface.  The  fissure  may  be  fill- 
ed, however,  with  veinstone  only,  and  hence  excites  no  atten- 
tion. The  foregoing  statement  proves  the  existence  of  vein 
fissures  which  do  not  reach  the  surface.  The  same  fact  has  been 
observed  in  dykes;  they  penetrate  the  inferior  layers  of  a  rock, 
but  the  fissure  not  extending  to  Ihe  surface,  and  the  stony  mat- 
ter having  no  power  of  itself  to  form  a  passage,  stops  at  the 
upper  limit  of  the  reni.  Brandies  of  veins,  loo,  are  often  cut 
in  sinking  shafts  at  many  levels,  which  have  no  connection 
with  the  surface.  These  facts  illustrate  the  direction  and  mode 
in  which  those  vein  fissures  have  been  filled,  and  clearly  point 
to  their  igneous  origin. 

As  the  quantity  of  metal  which  a  vein  carries  is  variable  at 
different  points  on  its  line  of  bearing,  so  it  is  also  variable  at 
different  depths.  It  may  be  variable  in  consequence  of  the 
diminished  amount  in  the  vein,  which  at  the  bottom  preserves 
its  ordinary  width,  or  it  may  be  diminished  by  a  contraction  of 
the  whole  vein  in  width.  It  may  be  pinched  out,  and  the  vein- 
stone, together  wilh  the  metal,  becomes  a  mere  trace  or  string, 
retaining  its  position  between  the  walls.  The  variation  of  the 
latter  kind  is  well  illustrated  by  the  terminal  outcrop  of  the  Rossie 
lead  mine,  which  is  exposed  in  an  uplift  of  the  mass  of  gneiss 
in  which  the  vien  is  enclosed,  as  is  shown  in  the  annexed  cut, 
Fig.  25.    It  will  be  observed  that  while  the  vein  is  exposed 
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for  about  tor^  feet,  it  may  have  an  average  width  of  eighteen 
inches,  it  bulges  out  and  contracts  at  many  points  upon  the  line 
of  exposure,  and  is  four  feet  thick  at  one  of  the  places  of  dip. 
It  will  be  obseired,  also,  that  the  vein  is  not  perpendicular,  the 
rent  is  not  even  or  vertical,  but  one  which  is  inclined;  or  in  other 
words,  it  has  a  dip  slightly  variable  at  different  points,  but  which, 
Fig.  aS-  when  Ibllowed  down  for  one 

I  hundred  or  two  hundred  feet, 
I  or  more,  is  found  to  be  con- 
I  stant,  so  as  to  conform  to 
I  those  of  the  district.  The 
I  direction  of  dip  may  be  dt- 
I  pended  upon,  and  shafts  are 
3  often  sunk  two  or  three  or 
I  even  four  hundred  feet,  with 
I  the  expectation  of  cutting  it 
I  atoneoftbosedepths.  Some- 
I  times  a  vein  which  dips  vast- 
V  ward  at  the  surface,  is  found 
I  to  dip  westward  at  BO  or  100 
E  feet.  The  indication  that 
I  such  a  change  may  be  expect- 
I  ed  consists  in  the  character 
I  of  the  disturbances  at  the 
I  surface.  The  dip  at  the  siu- 
face  in  those  cases  is  entirely 
I  at  variance  with  the  common 
I  dips  of  the  veins  of  the  dis- 
I  trict,  and  the  existence  of 
I  dykes  and  faults,  show  that 
I  something  unusual  has  taken 
I  place.  The  veins  of  a  dis- 
J  trict  usually  dip  in  the  same 
I  direction;  and  when  a  vein 
I  dips  in  a  contraiy  one,  under 
f  the  circumstances  I  have  stat- 
ed, there  is  ground  for  expecting  that  at  a  certain  depth  this  vein 
will  change  its  direction. 
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STRUCTDRE    OF    MINERAL    VEINS,    TOGETHF.B    WITH     THE 

KINDS  OF  VEINSTONE  WHICH  CONTAIN  THE  ORES  OB 

METAI-S. 

^88.  Aiuetallic  vein  isoriginaUy  a  fissure  of  an  unknown  deplh 
and  leugtli,  bounded  by  two  walls  of  rocks,  whose  composition 
differs  from  tho  contents  of  the  vein  fissures,  and  from  whiclt 
the  latter  eaniiy  c]i:aves.  When  the  (isstire  or  vein  is  not  verti- 
cal, the  wall  ugainst  which  the  vein  rests  is  caJled  the  foot  wall, 
and  the  other  the  hanging  wail.  These  walls  are  souietimeti 
called  the  floor  and  roof  of  the  vein. 

The  structure  of  a  vein  is  simple,  and  we  have  no  occasion 
to  multiply  varieties.  A  dybe  is  the  simplest  and  least  conipli- 
calcd  of  that  class  of  veins.  It  is  a  lissurc  filled  with  stony 
matter,  with  specks  of  sulphuret  of  iron  disseminated  in  small 
quantilJL'S  through  its  substance.  It  seemvto  have  been  formed 
and  filled  at  one  time.  A  mineral  vein  consistx  of  stony  mat- 
ter and  the  oxide  and  sulphurels  of  the  metals,  and  sometimes 
with  pure  metals;  as  the  iivitivi- copper  and  silver  of  lake  Supe- 
rior, and  the  native  gold  and  copper  of  North  Carolina.  It  is 
necessary  to  learn  the  character  of  the  veinstone,  before  an 
opinion  can  be  formed  of  the  probable  value  of  the  vein.  If 
the  veinstone  is  solid  and  compact,  the  judgment  will  be  unfa- 
vorable to  its  productiveness.  If  it  breaks  easily,  or  if  it  is 
porous  and  seamy,  the  judgment  will  be  favorable  for  its  pro- 
ductiveness. In  a  solid  veinstone  or  gangue  containing  dissemi- 
nated metal  in  isolated  particles,  and  which  do  not  run  together 
as  it  were,  the  encouragement  for  a  valuable  vein  is  small,  as 
long  as  it  continues  in  this  condition;  and  a  vein  of  this  des- 
cription rarely  assumes  a  favorable  character.  If,  however, 
the  veinstone  is  striped  vertically  with  metal,  or  if  the  masses 
are  elongated  and  run  h^ether,  the  prospect  is  favorable;  the 
metal  is  assuming  a  vein-like  character.  The  metal  may 
possess  only  the  disseminated  character  at  the  top  of  the  vein, 
and  may  pass  into  the  veiny  character  below.     The  beginning 
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of  this  change  is  always  regarded  as  a  favorable  indi- 
cation, and  an  encouragement  at  least  to  pursue  it  to  a 
greater  depth.  A  vein  is  often  laminated.  The  metal  and 
rock  being  arranged  in  parallel  stripes,  it  possesses  the  parallel 
structure  of  gneiss.  This  structure  is  regarded  as  one  of  the 
most  favorable  changes,— one  which  will  ultimately  lead  to  the 
formation  of  a  productive  vein.  The  lamination  of  a  vein  is 
unlike  the  lamination  of  gneiss  and  mica  slate;  it  is  always  verti- 
cal. The  structure  is  sometimes  developed  so  prominently  that  a 
question  arises  respecting  the  periods  of  its  formation.  The  indi- 
cations suggest  the  probability  that  the  vein  was  filled  by  succes- 
sive openings.  At  each  opening  it  received  an  accession  of  new 
matter  from  beneath.  I  have  already  stated  that  the  first 
fissuration  may  not  have  communicated  with  the  metalliferous 
matter,  and  hence  is  merely  a  drainage  fissure^  a  receptacle  of 
stony  matter.  For  example,  we  often  find  that  an  auriferous 
vein  is  composed  of  two  parts;  one  of  copper,  which  lies  next  to 
the  hanging  wall,  and  which  is  most  stony,  and  a  lower  mass, 
which  lies  against  the  foot  wall,  and  which  is  metalliferous. 
In  an  example  of  this  kind  the  fissure  may  have  been  widened 
by  the  same  force  which  produced  it  in  the  first  instance.  It  is 
upon  the  foot  wall  that  we  look  for  the  greatest  quantity  of 
metal.  But  the  metal  may  pass  from  the  foot  to  near  the  hang- 
ing wall;  and  it  is  frequently  central,  as  in  the  Rossie  lead 
mine.  From  the  foregoing  remarks  it  will  not  escape  the 
notice  of  the  reader,  that  a  vein  consists  mostly  of  stony  matter 
or  gangue,  the  metal  being  distributed  through  it  in  elongated 
branches,  which  run  together;  and  there  may  be  two  or  more 
such  confluent  ranges  of  metal  arranged  in  parallel  stripes,  and 
which  are  separated  from  each  other  by  an  excess  of  stony 
matter. 

The  foregoing  statements  may  be  taken  as  a  general  descrip- 
tion of  the  structure  of  all  productive  veins,  without  regard  to 
the  kind  of  mineral  which  forms  the  gangue. 
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rNDrCATIONS  OF  A  GOOD  OR  BAD  VEIN,  JUDGED  OF  BY  THE 
CHARACTER  OF  ITS  WALLS. 

(j  89.  The  structure  of  a  vein  furnishes  important  information 
respecting  its  value,  as  I  have  already  intimated.  The  walla, 
however,  are  not  to  be  passed  by  unheeded.  In  the  first  place, 
we  look  for  clear  and  well  defined  boundaries  between  the  vein 
and  wall;  and  if  the  walls  are  marked  with  what  the  miners 
term  slickeusides,  which  are  polished  striations  more  or  less 
vertical  in  direction,  the  indications  of  a  well-formed  vein  are 
sufficiently  satisfactory.  Sometimes,  however,  the  walls  are 
not  equally  well  defined.  We  look  in  this  case  to  the  foot 
wall,  and  miners  are  generally  satisfied  if  they  find  this  bard  or 
firm,  and  distinct  from  the  veinstone,  even  if  it  is  not  marked 
with  slickensides. 

As  regards  the  indications  of  a  well -formed  vein  in  its  struc- 
ture and  character  of  its  walls,  we  find  that  a  porous  veinstone 
furnishes  Ihe  best  indications,  especially  if  the  gangue.with  the 
metal,  is  arranged  in  parallel  stripes,  the  bunches  elongated  and 
confluent,  or  become  more  so  as  the  shaft  increases  in  depth. 
On  the  contrary,  where  the  ore  or  metal  is  sparsely  disseminated 
in  a  bard,  compact,  tough  gangue,  with  scarcely  any  tendency 
to  become  confluent,  in  a  veinstone  of  this  description,  the 
indications  of  a  well-formed  and  prodactive  vein  are  unfavor- 
able. So  also  where  the  vein,  though  tolerably  distinct  in  parts, 
is  mostly  incorporated  with  the  walla,  or  what  are  taken  for 
walls,  the  indications  are  unfavorable.  I  have  said  nothing  of 
the  judgment  we  should  form  of  the  increase  of  metal  as  the 
shall  increases  in  depth,  for  it  is  sufficiently  plain,  that  in  this 
country,  there  should  be  an  increase  of  metal  within  forty  feet 
of  the  surface.  The  kinds  of  veinstone  ere  numerous;  and 
how  much  the  value  of  a  mine  is  dependent  upon  them,  is  not 
well  determined,  excepting  the  general  fact  that  some  are  much 
softer  and  more  workable  than  others,  and  require  less  expense 
in  working  them. 
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The  veinstone  in  which  gold,  silver,  lead,  copper  and  zinc  are 
found,  in  this  country,  is  generally  quartz,  or  in  the  language 
of  miners,  flint;  and  we  have  numerous  examples  of  rich  and 
poor  veins  in  this  kind  of  gangue.  I  know  of  but  one  lead 
vein  in  North  Carolina  which  has  a  calcareous  gangue.  The 
following  kinds  of  mineral  form  the  veinstone  of  sundry  mines 
in  this  country:  Quartz,  calcspar,  pyroxene,  hornblende,  feld- 
spar, phosphate  of  lime  intermixed  with  a  small  quantity  of 
hornblende,  prhenite,  and  magnesian  carbonate  of  lime.  Either 
of  these  minerals  may  form  good  stoping  ground,  or  either  of 
them  excepting  the  calcareous  may  be  bad  or  hard.  Much 
depends  upon  the  connection  of  the  gangue  with  the  wall;  if 
this  is  such  that  a  gad  or  pick  can  be  employed  in  taking  down 
the  vein,  it  belongs  to  the  kind  called  easy  or  good  ground. 
Quartz  sometimes  partakes  of  the  mineral  character  of  a  horn- 
stone;  it  is  then  an  exceeding  tough  rock;  it  is  an  expensive 
vein  to  take  down,  and  though  it  may  be  rich,  yet  the  expense 
attending  its  working  is  so  great  as  to  consume  the  expected 
profits. 

CHANGES  WHICH  A  VEIN  UNPERGOES  NEAR  THE  SURFACE. 

§  90.  Every  miner  has  observed  that  the  part  of  a  vein  near 
the  surface,  differs  from  that  below.  The  change  takes  place 
at  that  depth  where  water  always  remains.  The  difference 
between  the  part  of  a  vein  near  the  surface  and  that  below 
water,  consists  in  two  particulars.  There  is  first  a  mechanical 
difference  in  these  two  parts  of  the  vein.  The  veinstone  is 
porous,  and  the  metals  are  oxides,  in  loose,  slightly  coherent 
masses.  I  have  in  mind  the  gold  veins  of  the  south.  In  the 
second  place,  below  water,  the  veinstone  is  more  solid,  and  the 
metals  are  sulphurets,  disseminated  in  the  gangue.  The  uppei 
part  is  brown,  or  reddish  brown,  and  the  quartz  is  thus 
stained;  while  below,  the  gangue  is  blended  with  specs 
of  metal,  or  perhaps  with  the  elongated  masses.  This  change 
in  the  character  of  a  vein  is  due  to  the  action  of  the 
atmosphere,  aided  by  the  alternations  of  dry  and  wet  states  to 
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which  the  vein  is  exposed.  In  consequence  of  the  changes  of 
which  1  am  sjieaking,  many  intelligent  miners  believe  the  vein 
has  become  poor;  and  in  this  opinion  he  is  sustained  by  the  fact 
that  as  usually  worked,  the  profits  have  very  materially  dimin- 
ished. But  this  result  is  due  to  what  nature  has  done  for  the 
upper  part  of  the  vein,  by  detaching  the  gold  from  its  most 
intimate  combination  with  the  sulphurels,  and  no  process  has 
hitherto  been  invented  by  which  all  the  gold  has  been  separated 
from  the  mineral.  Experience  proves,  however,  that  by  repeated 
pulverizations,  by  means  of  stamps  and  chilian  mills,  the  aggre- 
gate amount  of  metal  which  can  be  obtained,  is  about  as  great 
below  as  above  water. 

The  changes  referred  to  in  the  foregoing  paragraphs  are  true 
of  the  auriferous  veins,  in  connection  with  the  sulphurets  of 
iron  and  copper  of  this  country;  while  those  containing  galena 
are  far  less  chemically  changeable.  When  to  the  sulphurets  ot 
iron  and  copper  arsenic  is  added,  as  in  the  Ducktown  mines  in 
Tennessee,  the  changes  are  still  more  striking. 

The  question  whether  mines  are  richer  or  poorer  above  than 
below  water  is  not  perhaps  fully  settled.  For  myself,  1  believe 
that  the  facts,  when  well  determined,  go  to  prove  the  undimin- 
ished value  of  the  vein  below  water.  But  it  is  a  question 
whether  means  sufficiently  simple  and  cheap,  can  be  devised  by 
which  mines  can  be  made  to  pay  a  profit.  Some  will  pay  for 
forty,  fifty  or  sixty  feet,  but  ore  may  not  be  really  rich  enough 
to  pay  a  profit  below  those  points.  The  depth  at  which  a  vein  is 
changed  by  atmospheric  influence  is  variable.  It  depends  un- 
doubtedly upon  the  depth  of  drainage.  It  is  not  a  point  which 
can  he  determined  beforehand;  we  may  reach  water  in  twenty- 
five  or  fifty  feet,  or  it  may  not  be  reached  in  sixty;  but  the 
mean  is  about  forty-five  or  fifty  feet. 

Note.— It  u  not  detigned  to  intimate  tliU  wtter  bw  any  inflnenca  in  in- 
cieaiinf  or  diminishing  the  amount  of  nhit  metal  it  cuTia.  The  teuon  why 
the  eiprwnon  above  or  below  i>  uied  ii  lufficienllj  obviooi  from  the  czplans- 
tiom  of  th«  t«Kt. 
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CHARACTER  OF  SOME  OF  THE  METALLIFEROUS   VEINS  OF 

THIS  COUNTRY. 

§  91.  Veins  of  magnetic  and  specular  oxide  of  iron.  We 
have  not  as  yet  placed  a  due  estimate  upon  the  value  of 
the  iron  ores  of  this  country.  The  increased  and  increasing 
use  of  iron  it^lf,  together  with  the  demand  which  grows  out 
of  our  increasing  population,  are  facts  sufficiently  positive 
and  absolute  to  prove  that  the  wants  for  this  metal  will  soon 
more  than  dctuble  its  present  consumption.  We  have  seen  that 
our  ores  are  abundant  and  favorably  situated  to  supply  the 
wants  of  the  country.  I  need  not  dwell  upon  this  topic.  My 
object  is  to  illustrate  the  formation  and  structure  of  the  reposi- 
tories of  these  ores,  and  in  doing  this  I  shall  compare  them 
with  some  of  the  oldest  iron  mines  of  the  old  world. 

The  magnetic  iron  veins  are  upon  a  magnificent  scale,  es- 
pecially those  in  northern  New  York,  to  which  I  shall  direct 
the  attention  of  the  reader. 

The  repositories  of  this  ore  seem  to  be  of  two  kinds.  Of 
one  kind  I  have  no  hesitation  in  saying  that  they  are  veins  ac- 
cording to  the  definition  usually  given.  Of  another  kind  there 
may  be  doubts  whether  they  are  veins  or  beds,  but  I  have  re- 
garded them  as  rocks  or  masses  of  magnetic  iron,  inasmuch  as 
their  boundaries  with  the  rock  are  indefinite,  and  they  are  upon 
so  lai^e  a  scale  that  they  are  worked  like  quarries  of  marble  or 
granite. 

The  structure  of  the  veins  of  iron  scarcely  differ  from  those 
of  other  metals.  The  ore  itself  is  crystalline,  and  there  is  no 
doubt  but  that  it  is  pyrocrystalline.  It  is  not  subject  to  great 
changes  in  its  composition.  The  veinstone,  however,  is  often 
stained  red  or  brown,  by  a  change  of  the  protoxide  into  the 
peroxide;  such  a  change  is  regarded  as  a  favorable  indication 
of  the  quality  of  the  ore. 

In  veins  of  magnetic  iron  the  rich  part  of  the  ore  forms 
a  belt  parallel  to  the  walls,  and  it  occupies  very  frequently  the 


centre  of  the  vein.     The  width   is  variable,  a  mass  frequfil 
extending  beyond  the  usual  limits  of  the  vein.     The  Pendfield 
mine   in  Essex  county,  N.  Y.,  (fig.  26),  swells  out   160  feet. 
Tig  as 


The  ground  plan  takes  in  this  immense  expansion  of  the  van, 
showing  in  addition  the  rich  belt  of  ore  by  a  dotted  line  whicfa 
extends  along  the  middle  of  the  vein.  The  average  width  of 
the  vein  is  40  feet.  Its  line  of  bearing  is  northeast  and  south- 
west, and  has  been  exposed  by  the  removal  of  its  covering 
about  20  rods,  but  it  has  been  traced  over  half  a  mile. 

The  ore  adjacent  to  either  wall  is  largely  intermixed  with 
quartz,  while  the  middle  is  a  solid  mass  of  unmixed  ore.  The 
lock  of  this  section  is  gneiss  dipping  S.  E.  j  this  vein  of  ore  co- 
inciding with  the  lamination  of  the  rock. 

The  iron  manufactured  from  this  ore  has  a  high  reputation. 
It  was  tested  at  the  Navy  Yard  at  Washington,  and  was  found 
more  suitable  for  cables  and  chains  than  any  iron  of  the  coun- 
try, which  had  been  submitted  at  that  time  to  the  necessary 
tests.  The  superiority  of  this  ore  depends  much  upon  the  vein- 
sttme.  Quartz  or  flint  forms  an  admirable  flux  for  iron,  when 
the  quantity  is  too  great  it  is  removed  by  water.  There  is  no 
pyrites  or  phosphate  of  lime  intermixed  with  it,  and  the  forge- 
man  has  to  deal  with  a  pure  oxide  of  iron.  This  ore  is  uni- 
form in  quality,  is  of  dull  black  color,  rarely  bright,  but 
crystalline  and  strongly  magnetic.  This  vein  has  furnished 
ore  for  thirty  years,  but  has  been  worked  only  in  the  forge  and 
into  blooms.  The  supply  will  be  equal  to  any  demands  which 
are  likely  to  be  made  for  ore,  inasmuch  as  it  ie  prolonged 
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beyond  the  limits  I  have  stated,  on  its  line  of  bearii^,  more 
tlian  half  a  mile  irom  the  original  opening  upon  the  tract, 
and  another  mine  has  been  worked  for  twenty  years,  anil  the 
proepect  for  the  permanence  of  ore  is  greater  than  could  have 
h«en  anticipated.  The  width  of  vein  increases  with  the  depth, 
and  no  fact  is  yet  brought  to  light  which  indicates  its  discon- 
tinuance. 

Veins  of  magnetic  iron  are  distributed  over  limited  districts. 
Several  veins  traverse  this  district  in  parallel  ridges  and  they 
may  be  known  to  belong  to  separate  and  distinct  veins  by  the 
dissimilarity  of  their  ores,  or  of  their  gangues.  Those  which 
are  only  a  few  feet  asunder  possess  unlike  qualities.  In  de- 
ciding upon  the  number  of  veins  it  is  necessary  to  guard  against 
deception,a8  afold  in  the  strata  or  an  anticlinal  axis  may  place  the 
parts  of  veins  in  such  relations  that  they  may  appear  to  be 
two  veins  when  there  is  only  one.    Fig.  27  illustrates  the  im- 
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portance  of  being  on  the  guard,  b,  h.  The  folded  lamina  of 
gneiss  supporting  a  lean  vein  of  ore,  a,  a,  and  tn^cated  by  the 
dotted  lines.  This  instance  is  a  ptain  one,  but  others  of  a 
more  obscure  character  will  not  mislead  the  observer,  provided 
due  caution  is  exercised  in  his  examination.  An  arr^^;ement 
of  veins  approximating  to  the  former  occurs  at  the  Cook  mine, 
where  an  anticlinal  axis  seems  to  occur,  and  ^  which  n^bt  at 
first  be  regarded  as  a  repetititm  of  two  veins,  admitting  that  the 
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narrower  vein  is  divided;  but  the  quality  of  the  ore  and  the 
thickness  is  quite  different.     Fig.  28.     The  wider  vien  is  four- 
Fig.  38.  teen    feet    thick,    and    the 
olhers   six,  three,   and    two 
feet.     These   are  known    as 
M%T^      the   Cook  veins.     They  tra- 
\\\\\\\\\\V\\\'   verse  a  north  and  south  range. 
"  '■            'i  °                   The  rock  is  gneiss  and  the 
lamina  of  the  planes  nearly  vertical. 

The  experience  which  has  been  acquired  in  mining  in  north- 
ern New  York,  has  now  become  valuable.  The  exploration  of 
the  magnetic  ores  was  prosecuted  at  an  early  day,  and  in  conse- 
quence of  the  adventurous  spirit  of  the  owners  of  mineral  lands 
in  this  district,  trial  shafts  were  sunk  at  poinis  which  were  not 
promising  at  the  surface.  The  rock  was  observed  to  be  charged 
with  particles  of  ore  which  were  found  to  be  persistent  and  to 
have  a  direction  correspondent  with  the  veins  which  had  been 
proved.  On  sinking  however  a  shaft  upon  those  stripes  of  rock 
and  lean  ore,  it  was  ibund  thai  the  iron  increased,  and  at  a 
moderate  depth,  a  productive  vein  of  metal  was  established. 

A  mine  widely  known  as  the  Palmer  vein,  is  a  good  example 

of  the  change  from  a  very  lean  ore  to  a  rich  one.     A  vertical 

section  of  the  mine,  fig.  29,  illustrates  the  fact  under  consider- 

Pig.  at. 
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ation^and  what  is  quite  as  interesting  at  this  locality  in  Clinton 
county,  is  the  intersection  of  the  rock  by  several  trap  dykes. 
The  surface  of  the  rock  is  denuded  and  shows  particles  of  ore 
disseminated  through  it,  particularly  between  the  dykes;  a,  a, 
dykes,  c,  c,  the  spaces  in  which  ore  is  sparsely  disseminated 
at  the  surface,  at  b,  the  ore  increases,  and  at  d,  on  the  other 
side  of  the  14  foot  dyke,  it  is  a  solid  mass  of  ore,  with  scatter- 
ing grains  of  gray  quartz.  This  wide  dyke  cuts  the  veins  ob- 
liquely. The  ore  was  lean  on  the  east  side,  but  much  better 
upon  the  west,  as  an  adit  on  being  cut  through  it,  disclosed 
a  mass  of  ore  on  the  opposite  side,  seventy  feet  thick. 

Fig.  30. 


D  Adit. 

Fig.  30,  is  a  ground  plan  of  the  dykes,  showing  their  relations 
to  the  ore.  These  are  not  parallel,  and  as  they  intersect  each 
other,  they  are  clearly  of  different  ages.  The  widest  intersects 
the  vein  of  ore,  but  the  narrower  ones  are  intersected  by  the 
latter.  A,  vein  of  ore  running  N.  E.  and  S.  W.  B,  vein  of  ore 
which  runs  nearly  east  and  west.  The  latter  is  a  rare  example 
of  a  vein  pursuing  this  direction.  D,  adit.  Veins  of  magnetic 
iron  often  contain  masses  of  rock  in  the  midst  of  the  ore  which 
under  certain  circumstances  have  the  semblance  of  walls. 
They  are  generally  pure  rock  free  from  the  ore,  and  as  they  are 
arranged  in  a  direction  parallel  with  the  true  walls,  may,  when 
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not  esamlDcd  with  care  be  mistaken  for  the  walls.  An  ex- 
amination will  lead  to  the  detection  of  their  true  form  which  is 
that  of  a  wedge-  It  is  scarcely  necessary  to  add  that  they  will 
disappear  in  the  progress  of  mining. 


aOre    ilQ 


Pig.  31,  illustrates  the  fact  I  have  just  stated.  It  is  a  sec- 
tion of  a  part  of  the  Hall  vein,  in  Moriah,  Essex  county,  the 
paralld  masses  of  rock,  are,  d,  quartz,  a,  ore;  but  they  may 
consist  of  hornblende  or  feldspar.  An  interesting  instance  of 
the  same  kind,  ts  now  being  exposed  at  the  Old  Sanford  ore 
bed,  where  masses  of  trappean  rock  and  feldspar,  are  intruded 
into  the  midst  of  the  ore.  Fig  33.  In  this  iftstance  the  strike 
of  the  vein  is  not  determined,  and  hence  it  is  impossible  to  say 
whether  these  masses  are  parallel  with  the  walls  or  not.  Each 
of  those  masses  might  be  regarded  as  limiting  the  ore,  but  on 
cutting  through  them,  equally  good  ore  is  found  in  the  spaces 
between  the  dykes,  as  at  any  other  part  of  this  remarkable 
vein. 

Sinc«  the  foregoing  was  penned,  I  have  ascertained,  by  an 
eiamination  of  the  wall,  that  three  of  the  dykes  have  disap- 
peared, and  the  three  obliquely  placed  masses  of  rock  are  en- 
tirely removed,  and  there  now  appears  a  breast  of  solid  ore  146 
feet  long  and  twenty-five  feet  high,  traversed  by  a  single  dyke 
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twelve  inches  thick.  The  dykes  are  com- 
posed of  a  greenish,  foliated  ciTstalline 
feldspar.  The  disappearance  of  a  net  vork 
of  Donmetallic  veins,  is  by  no  means  an 
uncommon  circumstance  in  mining  in  North- 
em  New  York,  and  hence  there  is  encourage- 
ment in  mining  of  this  description,  that  the 
dead  work  will  diminish  as  it  progresses. 
The  gangue  of  this  ore  is  phosphate  of  lime, 
in  small  reddish  particles,  imbedded  in  the 
grains  of  the  oxide.  They  are  usually  of' 
the  size  of  a  kernel  of  wheat.  When  the 
phosphate  is  separated,  the  iron  made  from 
this  ore  is  good,  but  if  manufactured  with 
the  phosphate  it  is  brittle.  This  mineral 
constitutes  about  one-£fUi  of  the  mass — but 
in  parts  of  the  vein  it  is  equal  to  one-half  of 
the  mass  of  ore.  The  phosphate  is  nowsepa- 
rated  by  magnetic  separators,  is  ground  and 
prepared  for  use  in  agriculture. 

Adventurers  in  mining  are  often  startled 
on  finding  the  vein  diminishing  in  width. 
In   iron   mining,  however,  those  fears  are 
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groundless.  When  the  Hall  mine  was  firai  opeoed,  it  enlarged 
to  eight  feet.  Afterwards  it  diminished  rapidly  to  less  than  four 
teet.  Fig.  33,  is  a  section  of  this  part  of  the  vein.  It  was 
eight  feet  wide  at  a,  a,  and  when  1  examined  it  in  1837,  it  was 
pinched  out  to  four  feet.  At  this  stage  of  the  working  it  was 
a  question  what  would  become  of  the  vein.  On  pursuing  it 
farther  and  into  the  conslricted  part,  it  began  to  widen  again, 
and  has  proved  to  be  one  of  the  most  valuable  mines  in  the 
Moriah  mineral  district.  It  has  been  worked  to  the  depth  of  a 
hundredfeet  The  vein  appears  inexhaustible.  A  transverse  sec- 
tion of  this  district,  about  one  hundred  yards,  furnished  at  least 
three  parallel  veins.  The  annexed  section  was  made  in  1837, 
fig.  34,  a,  a,  veins,  b,  b,  gneiss.     All  of  these  have  been  proved 

Fig.  34, 
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to  the  depth  of  seventy  or  eighty  feet,  the  ore  increasing  in 
richness  with  the  depth.  They  have  been  traced  about  one  and 
a  half  miles.  Their  line  of  bearing  is  northeast  and  southwest, 
and  they  dip  with  the  plane  of  lamination  of  the  gneiss  in  which 
tbey  are  inclosed,  and  half  a  mile  west  of  the  Sandford  mine, 
they  have  been  extensively  worked,  and  yield  a  pure  black 
granular  oxide.  Phosphate  of  lime  is  not  present  in  the  three 
parallel  veins,  although  in  the  immediate  neighborhood  of  the 
Sandford  mine  which  is  so  rich  in  it 

The  veins  of  magnetic  iron  contain  ore  whose  quantities  dif- 
fer materially  from  each  other.  No  two  veins,  however  near, 
supply  the  same  kinds  of  ore.  A  good  example  and  one  in 
point,  are  the  well  known  veins  in  the  Clintonville  mining  dis- 
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trict.  Four  veins  have  been  worked  to  a  depth  from  one  hun- 
dred to  two  hundred  and  sixty  feet  These  occupy  a  high  hill 
four  miles  west  of  Clintonville.  The  first  vein  which  was  opened 
contained  a  beautiful  blue  and  irridescent  ore,  both  soft  and 
granular.  The  next  vein  which  is  parallel  with  the  first,  furnishes 
a  black  ore,  and  the  others  a  gray  ore.  The  blue  ore  probably 
makes  the  soflest  iron  of  any  ore  in  this  country.  The  others  a 
harder  iron.  The  first  is  from  four  to  eight  feet  wide,  and  the 
direction  and  dip  of  the  four  correspond,  being  north-northeast, 
and  dip  west-northwest,  at  an  angle  of  70^.  The  ore  of  all  of  these 
veins  has  been  changed  from  that  of  a  protoxide  to  a  peroxide, 
as  they  all  give  a  red  powder,  but  the  change  is  more  descisive 
in  the  blue  vein.  The  gangue  is  a  blue  gray  quartz  in  the 
gray  veins. 

These  veins  have  been  shifled  simultaneously  by  dykes  in  a 

Fig.  35. 


abc  Metamorphic  Peroxide  of  Iron,  d  Dykes,  r  Shifted  Parts. 

mode  represented  in  diagram  No.  35,  d,  dykes,  a,  b,  b,  c,  four 
parallel  veins  of  metamorphic  peroxide  of  iron. 

About  half  a  mile  north  of  Clintonville,  a  mine  worthy  of  a 
passing  notice  was  opened  at  an  early  day.  It  is  known  as  the 
Winter  ore  bed.  The  ore  is  hard,  but  being  pure,  it  made  a 
good  iron,  and  as  it  was  situated  conveniently,  it  was  desir- 
able to  make  the  most  of  it  possible.  The  vein  reposed 
upon  the  top  of  the  rock,  and  it  excited  attention  from  the 
novelty-  of  its  position.    It  was  in  the  form  of  a  flat  superficial 
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mass  gently  iacliniog  to  the  north;  this  mass  was  about  a  hun- 
dred feet  long  and  lorty  wide.  It  was  all  quarried  out,  and 
when  this  was  done,  the  miners  losl  all  trace  of  its  directioa. 
Several  shafts  were  sunk  in  hopes  of  striking  some  parts  of  the 
mass  or  veins  which  it  was  supposed  might  be  prolonged  be- 
neath and  between  the  lamina  of  the  rock.  These  were  all 
unsuccesstiil.  The  followiug  diagram  illustrates  the  relation  of 
the  vein  to  the  rock,  fig.  36,  a,  a,  a,  a,  masses  of  ore,  a  is  the 
Fig.  39. 
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large  mass  already  referred  to.  These  five  masses  are  regarded 
as  parts  of  one  vein,  interrupted  and  broken  at  the  time  of  up- 
heaval, presenting  a  very  imperfect  anticlinal  axis.  The  mass 
a  forms  the  crown,  but  being  unsymmetrical  and  the  others 
being  lean  their  true  relations  had  been  overlooked.  The 
dip  on  one  side  is  to  the  east,  and  on  the  other  to  the 
west.  The  plan  proposed  for  recovering  the  mine  or  vein 
was  to  tunnel  from  the  eastern  slope  with  a  view  of  intersecting 
it,  two  hundred  feet  below  the  surface.  The  plan  was  adopted 
and  the  vein  recovered.  The  complication  was  increased  by 
numerous  trap  dykes.  No  less  than  seven  crossed  the  laining 
tract  in  about  two  hundred  feet.     In  diagram  37  the  dykes  and 

Fig,  37. 
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parts  of  the  yein  are  represented.  1^  2, 3, 4, 6,  are  the  parts  of 
the  dykes  which  appear  to  have  produced  shifts  in  the  vein,  or 
rather  the  irregtdarities,  we  may  suppose,  in  the  anticlinal  axis 
are  due  to  their  presence.  The  dyke  No.  1,  is  twenty-seven  feet 
thick,  and  in  tunneling  it  was  proposed  to  cut  it  along  this  dyke. 
The  cost  of  tunneling  was  five  dollars  per  linear  foot,  with  an 
adit  six  feet  high  and  five  feet  wide. 

A  vein  at  the  outcrop  sometimes  has  a  less  dip  than  in  the 
earth;  and  when  the  vein  is  flat,  as  it  may  be,  the  inexperienced 
are  very  likely  to  overestimate  the  width  of  the  vein.  The 
Averil  vein  at  Clinton  prison,  was  nearly  flat  for  forty  feet.  It 
had  been  worked  from  its  easterly  outcrop  to  the  west,  and 
along  its  strike  about  one  or  two  hundred  feet  in  length. 
At  a  point  about  forty  feet  to  the  west,  it  showed  at  first,  an 
inclination  to  the  west,  and  then  began  to  dip  more  rapidly— 7 
when  uncovering  it  still  farther  west,  the  hanging  wall  was 
discovered  For  more  than  forty  feet  this  wall  had  been  remov- 
ed, having  a  flat  mass  of  ore  from  fifteen  to  twenty  feet  thick. 
The  position  of  the  vein  was  calculated  to  deceive  those  who 
were  or  might  be  interested  in  the  property  respecting  the  quan- 
tity of  ore  at  this  mine,  or  near  the  surface. 

The  illustrations  and  remarks  which  I  have  made  respecting 
the  iron  ores  of  Northern  New  York,  are  applicable  to  all  those 
which  lie  upon  the  base  of  the  Appalachian  range,  from  north 
to  south.  I  have  already  referred  to  the  numerous  veins  of  this 
ore,  and  have  spoken  in  general  of  its  value  and  extent.  The 
resources  for  the  supply  of  iron  in  this  country  have  never  been 
properly  estimated  We  may,  however,  expect  that  for  the 
future  the  attention  to  the  manufacture  of  iron  will  be  turned 
more  exclusively  to  our  means  and  resources,  and  that  iku  t\>2>ity, 
as  well  as  interest,  will  soon  establish  for  the  iron  manufacture 
what  has  already  been  established  for  cotton. 

The  iron  ore  of  the  western  part  of  Essex  county,  N.  Y.,  lies 
in  immense  beds,  or  rather  constitutes  rocks  of  no  mean  extent. 
We  are  imable  to  discover  that  it  is  enclosed  in  reguhir  vsalls, 
though  rock  bearing  a  resemblance  to  walls  is  often  encountered 
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in  the  midst  of  the  ore.  The  ore  of  Sandford  lake,  at  or 
near  Adirondack,  may  be  cited  as  an  example  of  a  huge 
mass  of  magnetk  ore  in  tbe  midst  of  hyperthene  rock,  whose 
boundaries  have  not  been  dettrmined.  Il  is  between  700  and 
800  feet  over,  measurinj;  from  east  to  west.  It  extends  still 
farther,  but  the  debris  and  soil  is  too  deep  to  admit  of  removal 
for  the  single  purpose  of  disclosing  tbe  extent  of  the  quarry  of 
iron  rock. 

The  masses  of  ore  at  Adirondack  frequently  extend  into  the 
adjoining  mass  in  branching  or  ramifying  veins,  which  usuaily 
terminate  in  threads  or  strings,  and  are  therefore  lost  in  the 
rock.  At  certain  points,  as  I  have  already  remarked,  the  ore 
rests  against  the  rock,  which  appears  like  a  wall,  but  it  has 
been  observed  in  many  instances,  that  on  penetrating  beyond 
this  apparent  barrier,  the  ore  is  found  extending  beyond  iL 
The  extension  of  veins  into  the  hyperthene  rock  is  illustrated 
in  hg.  38.  Garnets  border  or  fringe  the  reins  lying  between 
Fig.  98. 


the  rock  and  ore.     These  garnet  borders  seem  to  have  been  pro- 
duced by  the  influence  of  the  ore  upon  the  rock. 

The  ore  of  Adirondack  produces  a  remarkably  tough  iron. 
In  the  Catalan  forge  the  result  is  too  uncertain,  and  it  does  not 
furnish  when  reduced  in  this  simple  way,  an  iron  the  qualities 
of  which  are  constant;  yet  bloomers  of  tntelligence  have  sue- 
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ceeded  in  making  from  it  iron  whose  qualities  were  equal  to  the 
best  Swedes  iron.  Many  samples  of  this  iron  have  been  tested  at 
different  times  and  by  different  modes,  all  of  which  tended  to  con- 
firm the  favorable  opinions  entertained  respecting  the  value  of  this 
ore.  The  late  Prof.  Johnson's  tests  were  the  most  satisfactory 
which  were  made.  The  iron  could  be  drawn  to  an  half  inch  bar  un- 
der the  common  trip  hammer,  and  bent  when  cold  without  breaking 
the  fibres,  or  producing  cracks.    The  bent  bar  represented  in 

fig.  39  illustrates  in  the  most 
satisfactory  manner,  the  qual- 
ity of  the  iron  which  may  be 
made  from  this  ore,  both  as 
regards  toughness,  and  dura- 
bility. The  outer  curve  of  the 
bar  is  3*8  inches  in  length, 
the  inner  only  2*16  inches. 
The  length  of  this  bar  before 
it  was  bent,  was  2^  inches; 
the  width  1*29,  and  the  thickness  0*69. 

The  specular  or  peroxide  of  iron  takes  the  place  of  the  mag- 
netic, in  Jefferson  and  St.  Lawrence  counties,  N.  Y.  The 
associated  rocks  of  the  St.  Lawrence  side  of  the  mountains 
differ  somewhat  from  those  of  the  Champlain  side.  Gneiss, 
granite  and  pyrocrystalline  limestone  belong  to  both  sides,  but 
on  the  Champlain  side  the  former  rocks  contain  the  magnetic 
ores,  while  the  latter  on  the  St  Lawrence  side  contain  the 
specular.  Serpentine  is  also  a  constant  associate  of  the  latter. 
There  is  really  no  difference  in  the  mode  of  occurrence  of  the 
two  oxides,  both  are  primarily  in  veins.  The  specular  oxide, 
however,  may  appear  to  be  an  exception,  as  a  very  large  pro- 
portion of  the  ore  of  Jefferson  and  St.  Lawrence  counties  has 
been  obtained  from  beds  in  the  soil.  The  ore,  however,  is  derived 
from  veins.  Its  constitution  favors  its  disintegration.  The 
associates  of  the  specular  ore  are  crystallized  quartz,  mostly  in 
dodecahedrons,  carbonate  of  lime  and  magnesia,  carbonate  of 
iron,  sulphate  of  barytes,  sulphuret  of  iron,  cacoxenite,  sulphuret 
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of  nickel.  The  last  two  are  rare.  The  ore,  except  when  broVen 
down  or  disintegrated,  is  in  crystals  and  crystalline  masses, 
with  brilliant  surfaces — and  la  this  condition  is  very  pure  and 
free  from  sulphuret  of  iron.  The  veins  lie  in  parallel  position 
with  the  lamina  of  rock,  where  they  can  be  traced  to  rocks  of 
that  class;  when  in  serpentine  or  limestone  the  ore  is  apparently 
in  masses,  and  may  be  removed  entirely  from  the  rock.  The 
specular  ore  is  not  confined  to  pyrocry  stall  in  e  limestone;  seve- 
ral veins,  as  the  Polly  and  Tate  ores  are  subordinate  to  gneiss, 
but  maintain  a  connection  with  serpentine.  The  Kearney  and 
Parish  veins  are  important  ores,  and  extend  for  two  or  three 
miles  in  a  northerly  direction. 

Magnetic  ore  occurs  at  one  or  more  localities  in  St.  Law- 
rence county,  in  the  township  of  Chaumont.  The  ore  is  rich, 
and  being  situated  upon  the  Oswegatchie,  and  in  a  well  wood- 
ed forest,  will  in  time  become  a  valuable  location  for  the  manu- 
facture of  iron. 

From  the  foregoing  remarks  and  illustrations,  it  is  apparent 
that  iron  ores  do  not  preserve  those  geological  relations  which 
are  absolutely  similar  in  all  parts  of  our  country.  While  we 
may  observe,  however,  considerable  diversity  in  their  occur- 
rence, still  there  is  such  a  general  similarity  in  those  respects, 
that  we  may  avail  ourselves  of  the  use  of  general  principles 
in  conducting  the  necessary  mining  operations.  This  general 
similarity  extends  also  to  the  conditions  of  the  great  masses 
and  veins  of  ore  which  are  best  known,  and  which  have  been 
the  most  extensively  worked  in  foreign  countries,  particularly 
those  of  Norway  and  Sweden. 

The  annexed  diagram,  fig.  40,  copied  from  a  valuable  article 
on  the  mines  of  Arendal,*  would  illustrate  our  own  mines.'of  mag- 
netic iron.  It  is  a  ground  plan;  h  h,  masses  of  ore  prolonged 
in  the  direction  of  the  vein,  but  variable  in  width  and  appa- 
rently interrupted;  gn  gneiss,g  lime.4one.  This  vein  branches 
out  into  the  walls  of  the  gneiss.     It  occupies  a  middle  part  of 
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the  fissure^  a  fact  which  is  quite  constant  in  our  own  mines.  A 
vertical  section  of  the  mines  of 
Arendal  exhibits  similar  arrange' 
ments  to  the  mines  of  the  Appala- 
chian range.  Indeed,  the  pheno- 
mena are  so  constant  that  only  a 
few  illustrations  are  required  to 
exhibit  all  the  most  important  facta 
relating  to  the  veins  or  magnetic 
and  specular  oxides  of  iron.  The 
relations  and  circumstances  under 
which  these  ores  occur,  seem  to 
point  to  their  igneous  origin.  In 
numerous  instances  minerals  of  con- 
tact are  developed,  such  as  garnet, 
hornblende,  epidote,  &c.  In  thla 
respect  the  action  of  these  ores  re- 
sembles that  of  other  pyrocrystal- 
line  rocks.  Garnet  and  epidote  ap- 
pear to  be  the  most  common  mine- 
rals which  are  developed  under  cir- 
cumstances similar  to  those  under 
consideration.  Of  the  two,  epidote 
is  the  most  common:  it  accompa- 
nies the  numerous  varieties  of  por- 
phyries, appearing  in  different 
stages  of  development,  from  a  mere  yellowish  coloring  of  the 
rock  in  patches,  to  perfect  nests  of  crystals.  The  slaty  rocks  of 
•edimentaiy  origin,  frequently  furnish  this  mineral  in  all  the 
different  stages  referred  to.  In  the  case  of  garnet,  its  develop- 
ment nsually  takes  place  contiguous  to  the  mass  of  igneous 
matter,  while  epidote  is  found  more  extensively  and  widely 
dtfiused  in  the  rock. 
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LIMONITE  OR  HEMATITIC  ORES  OF  IRON. 

^  92.  The  geological  posilioo  of  Uiis  ore  in  New  Knglanil 
and  New  York  is  not  well  determined;  but  when  in  beds  ii 
seems  to  be  enclosed  in  materials  very  similar  to  drift.  But  the 
drift  beds  have  been  derived  from  distant  places;  and  as  the 
rocks  are  rarely  uncovered,  it  has  been  up  to  this  time  an  un- 
answered question,  where  this  ore  belonged.  At  Adams,  Berk- 
shire, Massachusetts,  the  ore  has  bfeo  traced  apparently  to  a 
vein  in  the  quartz  rock,  near  its  junc(ion  with  mica  slate  of  the 
Hoosick  mountain.  Farther  south,  in  Maryland,  Virginia,  and 
North  Carolina,  limonite  occurs  ih  veins.  The  most  conclusive 
facts  hearing  upon  the  geological  ponilion  of  limonite  have  been 
disclosed  in  Cherokee  county  in  North  Carolina,  in  the  vicinity 
of  Murphy.  It  occurs  upon  the  surface,  rising  up  like  mounds 
which  cover  several  acres.  When  it  had  been  obsened  at  the 
copper  mines  in  Ducktown  that  this  kind  of  ore  covered  the 
black  oxide  of  copper,  those  mountis  were  explored  by  cuts  and 
shafts  in  expectation  of  finding  copper.  Though  these  explo- 
rations terminated  in  disappointment,  yet  it  was  discovered  that 
those  mounds  of  iron  ore  surmounted  a  vein  which,  near  its  sur- 
face, was  composed  of  gossan  mixe<i  with  sulphuret  of  iron,  but 
no  copper.  In  all  those  cases  where  gossan  was  cut  entirely 
through,  the  back  of  the  vein  was  found  intermixed  with  sul- 
phuret  of  ir^n  only.  1  was  quite  satisfied  that  the  prospect  of 
finding  copper  was  too  uncertain  to  warrant  the  prosecution  of 
the  object  when  the  expenses  were  likely  to  become  con- 
siderable. 

The  accumulation  of  mounds  or  masses  of  the  hydrous  per- 
oxide of  iron  or  gossan  many  feet  beneath  the  surface,  is 
owing,  6rst,  to  the  ordinary  decomposition  of  veins  of  sulphu- 
ret of  iron,  and  the  breaking  down  of  the  rock  as  the  process 
proceeds;  and  the  debris  remains,  as  the  country  in  this 
latitude  has  never  been  subjected  to  causes  which  disperse  and 
scatter  it  abroad  after  the  decomposition.     At  the  north,  how- 
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eyer,  embracing  the  Canadas,  New  England,  New  York,  and 
Northwestern  States,  as  far  south  as  Cincinnati,  diluvial  action 
has  removed  the  loose  materials  south,  southeast  and  south- 
westward.  Hence  the  hematites  are  buried  deeply  in  drift, 
often  having  been  lodged  in  protected  positions.  The  bog  ores 
are  accumulations  of  the  hydrous  peroxide  of  iron  in  swampy 
depressions.  Instances  of  bog  ore  upon  hillsides  and  in  dry 
places,  are  not  exceptions  to  this  statement:  they  are  beds 
which  have  been  elevated  by  subterranean  forces.  Examples 
of  this  kind  occur  in  Jefferson  county.  New  York.  They  con- 
tain the  leaves,  trunks,  and  roots  of  trees  now  living.  In  the 
neighborhood  of  the  elevated  beds  of  bog  ore  the  rocks  have 
immense  pot  holes;  and  connecting  these  facts,  the  conclusion 
is  forced  upon  us,  that  the  country  has  been  elevated  during 
the  modem  period.  Bog  ore  is  also  formed  from  the  decompo- 
sition of  the  sulphuret  of  iron,  which  is  disseminated  in  rocks 
which  undergo  disintegration  and  decomposition.  Water  bears 
the  materials  into  the  depressions,  where,  in  time,  thick  beds 
accumulate. 


THE  GOLD-BEARING  ROCKS  OF  THE  UNITED  STATES. 

§  93.  In  this  country,  both  in  its  mining  districts  and  in  its 
general  geology,  we  have  sought  to  discover  and  make  out 
similitudes  or  analogies  with  Europe,  rather  than  to  discover 
the  grouping  and  relations  of  our  rocks,  minerals,  and  fossils- 
Our  attempts  have  been  made  rather  to  compel  facts  to  bow 
and  obey  what  has  been  represented  to  exist  abroad,  rather 
than  to  give  them  the  independence  they  deserved,  or  to 
honor  them  by  the  deductions  they  sustain.  Our  gold,  copper, 
and  lead  are  associated  with  minerals  differing  from  those  of 
Cornwall  or  the  Hartz.  Our  copper  of  lake  Superior  has  no 
parallel  in  European  mines.  Every  day's  experience  proves 
that  the  metals  have  associations  more  general  than  has  been 
represented;  that  they  are  by  no  means  confined  to  one. rock 
and  one  gedogical  position.    It  has  been  supposed  that  the 
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gold  of  this  couotr^was  confined  to  talcose  slate.  This  is  now 
known  to  be  untrue;  for,  in  addilion  to  talcose  slate,  it  is  found 
in  mica  slale,  hornblende,  granite,  and  limestone.  It  has  a 
wide  range  of  relations,  and  it  would  seem  that  the  metals  have 
geographical  rather  than  geological  boundaries;  that  is,  in  a 
given  district  all  the  rocks  may  be  expected  to  contain  them; 
or,  in  other  words,  that  there  are  certain  types  of  association 
which  belong  to  certain  geographical  districts,  and  that  in 
order  to  pursue  successfully  mining  interests,  we  must  study 
that  type.  The  doctrine,  however,  holds  good,  that  a  certain 
rock  is  commonly  the  bearer  of  a  given  metal  rather  than  any 
other. 

In  this  country  quartz  is  the  common  associate  of  gold.  But 
other  associates  may  exist:  the  massive  talcose  slate,  born* 
blendic  gneiss,  hornblende,  granite,  mica  slate,  limestone,  and 
even  serpentine.  In  talcose  slate,  gold  may  be  disseminated 
in  the  rock  for  from  forty  to  sixty  feet  in  width.  It  is  a  mass 
of  rock,  or  a  mass  mine,  which  bears  no  semblance  to  a  vein, 
except  that  belts  or  strips  of  it  are  richer  than  others;  but  it  is 
impossible  to  detect  walls  or  defined  boundaries  to  the  aurifer- 
ous parts.  The  gold  of  the  mass  is  mechanically  mixed  with 
particles  of  a  brown  substance,  disseminated  in  the  rock  suffi- 
ciently abundant  to  impart  red  and  brown  tints  to  the  mass. 
These  are  sometimes  of  a  rosy  or  peach-blossom  color,  indicat- 
ing the  presence  both  of  iron  and  manganese.  There  is  no 
doubt  that  these  brown  and  reddish  particles  were  sulphuret  of 
iron  which  held  the  gold  in  mechanical  combination.  Where 
the  auriferous  mass  is  inspected,  it  is  found  to  consist  of  fine 
grains  of  quartz,  which  are  only  slightly  coherent,  intermixed 
with  silvery  talc,  which  at  the  first  inspection  seems  to  pre- 
dominate, but  on  closer  observation  proves  the  predominance  of 
quartz  in  its  composition.  This  kind  of  rock  might  with  pro- 
priety be  called  talcite. 

Gold  is  also  disseminated  through  a  pure  saccharoidal  quartz, 
which  contains  neither  sulphuret  of  iron  or  talc;  but  this  white 
mi  pwe  qiurtt  Bwy  be  oootained  in  a  -rtift  ot  mua  subordl> 
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Date  to  that  just  described.  It  is  found  Jl%ain  in  milky  and 
granular  quartz  in  veins,  carrying  the  sulphurets  of  copper  and' 
iron  and  sulphuret  of  iron  by  itself,  together  with  galena,  and 
sometimes  sulphuret  of  zinc.  These  veins  may  traverse  argil- 
laceous chlorite  and  talcose  slates,  or  all  the  other  rocks  which 
belong  to  the  mineral  district,  as  gneiss,  hornblende,  or  granite. 
In  the  last  place  it  may  be  contained  in  a  false  vein,  or  rather 
beds,  as  the  depositions  are  parallel  with  the  strata  or  lamina. 
They  are  always  thin,  rarely  exceeding  twelve  inches  in  width. 
The  metal  in  this  case  is  confined  to  a  well  defined  strip  of 
rock,  but  not  limited  by  distinct  walls.  The  eye  can  not  detect 
a  difiference  between  that  portion  of  the  rock  which  is  aurifer- 
ous and  that  which  is  not.  These  false  veins  or  beds  being 
narrow,  may  be  lost,  unless  the  miner  resorts  constantly  to  the 
use  of  the  pan  for  testing  the  presence  of  gold.  These  strips 
are  usually  very  rich,  and  often  yield  from  twenty-five  to  one 
hundred  dollars  per  bushel  of  ore. 

The  gold  of  the  soil  is  derived  from  rocks  broken  down  by 
the  ordinary  atmospheric  agents.  In  its  dissemination  in  the 
soil,  it  has  obeyed  the  same  law  of  distribution  as  all  the  bodies 
which  have  great  weight  As  its  gravity  exceeds  that  of  all 
other  substances  which  may  be  expected  in  the  soil,  it  will  be 
sought  for  at  the  lowest  planes  of  subsidence. 

Leaving  out  of  the  account  fhe  gold  deposits  of  the  soil,  it  is 
most  frequently  found  in  the  regular  veins,  associated  with  the 
sulphurets  of  copper  and  iron.  It  is  probable  that  the  sulphu- 
rets  should  be  regarded  as  the  true  matrix  of  gold,  though  not 
the  only  matrix.  The  veinstone  is  quartz,  though  in  a  hundred 
auriferous  veins  of  quartz  containing  sulphurets,  one  or  two  are 
known  in  limestone,  and  occasionally  also  it  has  been  found  in 
serpentine. 

The  veins  of  auriferous  quartz  do  not  differ  in  structure  from 
other  veins;  and  they  are  subject  to  the  same  irregularities  in 
width,  and  the  same  varieties  as  to  richness  in  parts  of  the  vein, 
both  when  examined  in  the  line  of  bearing  and  in  depth. 


OF  THE  CHANGES  WHICH  TAKE  PLACE  IN  THE  AURIFEROUS 
VEINS  OF  SULPHURETS  OF  COPPER  AND  IRON  IN  DEPTH. 
^  94.  The  condition  of  the  materials  at  and  near  the  surface 
difiere  materially  from  that  below.  Those  sulpburets  which  are 
gold-bearing  seem  to  be  more  subject  to  decomposition  than 
those  which  are  not.  At  a  variable  depth,  then,  the  matrix  of 
gold  consists  of  a  porous  quartz,  colored  brown  upon  the  surface 
by  a  superficial  deposit  of  oxide  of  iron.  This  partially  fills 
the  cavities.  It  is  a  friable  dry  powder,  or  it  may  have  bucome 
consolidated,  in  which  case  it  resembles  the  oxide  of  iron  with 
a  resinous  luster,  or  the  common  brown  hydrous  oxide  of  iron, 
or  brown  hematite.  This  condition  of  the  iron  is  due  to  the 
decomposilion  of  the  mixed  sulpburets  of  iron  and  copper.  The 
sulphur  is  discharged,  and  usually  disappears  entirely,  and 
leaves  the  rock;  but  not  always,  for  in  a  few  instances  it  is 
retained  in  the  cavities,  and  has  crystallized  in  octahedrons 
with  rhombic  bases.  The  decomposition  proceeds  from  the 
outside  to  the  inside,  as  the  inside  of  a  mass  of  oxide  often  con- 
tains an  undecomposed  one  of  sulphuret  of  iron  or  copper. 
Where  the  decomposition  is  complete,  the  gold  is  attached  to 
the  quartz  in  irregular  plates,  or  is  also  retained  in  the  midst 
of  the  oxide  in  grains  or  thih  scales.  But  it  is  a  still  more 
interesting  fact,  that  the  gold  occasionally  crystallizes,  and 
appears  under  the  form  of  octahedrons  and  dodecahedrons,  or  in 
skeleton  crystals,  the  general  form  of  which  is  developed,  but 
the  faces  are  deeply  striated.  Beautiful  productions  of  this 
kind  were  quite  common  for  a  time  in  the  Ward  mine  in  David- 
son county.  North  Carolina.  The  figure  of  one  of  these  striated 
or  skeleton  crystals  appears  on  the  title  page  of  this  work. 
Regular  octahedrons  have  been  obtained  in  the  mines  of  Burke 
county  in  the  same  state.  But  crystals  of  gold  are  extremely 
rare  In  North  Carolina. 


POSITION   AND   RELATIONS  OF   GOLD.  169 


ORIGIN  OF  GOLD— THE  GEOLOGICAL  POSITION  AND  RELA- 

TIONS  OF  GOLD. 

^  96.  If  we  attempt  to  account  for  the  origin  of  gold  on  facts 
and  principles  which  are  inapplicable  to  the  origin  of  other 
metalsy  we  entirely  lose  ourselves  in  conjecture.  Indeed^  the 
phenomena  which  accompany  the  auriferous  quartz  veins  are 
by  no  means  unlike  those  which  accompany  lead,  copper,  and 
iron.    Its  subterranean  origin  should  therefore  be  admitted. 

The  gold  of  North  Carolina  is  connected  with  three  divisions 
or  sections  of  rock:  1.  With  granite  and  associated  rocks; 
2.  Gneiss  and  its  laminated  associates;  and  3.  With  a  series 
of  slates  which  I  am  disposed  to  regard  as  sediments.  The 
immediate  repository  of  this  metal  is  the  ordinary  constituted 
vein,  differing  in  no  respect,  in  its  structural  relations  and  ori- 
gin, from  those  of  the  other  metals  and  ores.  It  will  be 
observed  that  I  have  passed  unnoticed  the  deposits  of  gold  in  the 
soil  and  grits  of  decomposed  rock  for  obvious  reasons. 

The  slates  are  soft,  greenish  or  reddish  rocks,  intersected  by 
quartz  veins  and  trap,  and  appear  to  repose  upon  granite  so  as  to 
admit  the  outcropping  of  low  and  long  ridges  of  this  rock  where 
the  slates  have  thinned  out.  The  rock,  however,  which  I  have 
noticed  under  the  general  name  of  slate,  is  really  made  of  a 
series  of  rocks,  which  furnish  a  series  of  subordinate  beds  which 
have  a  wide  range  of  lithological  character.  The  following  is 
a  list  of  the  most  important  kinds:  1.  Soft  green  chlorite  slate; 
2.  Soft  red,  reddish,  and  purple  and  purplish  slates;  3.  Soft 
talcose  slates,  which  contain,  however,  quartz  in  fine  grains, 
and  which  are  also  reddish  and  purplish.  This  variety  might 
receive  with  propriety  the  name  of  talcite  as  already  proposed. 
Alternating  with  the  foregoing  soft  slates  are  the  harder  masses, 
which  consist  of 

1.  Quartzite,  a  mineral  which  in  all  respects  resembles  chert 
or  homstone.  It  is  whitish,  green,  bluish,  passing  into  black, 
and  often  coarsely  agatized.    It  breaks  with  a  flat  conchoidal 


fracture;  it  has  sharp  mid  translucent  edges,  and  is  usually 
very  tough.  When  mixed  with  a  small  proportion  of  argilla- 
ceous matter,  it  forms  also  a  hard  tough  rock,  which  appears 
above  the  surface  of  the  ground  in  hatchet -shaped  projections. 
Sometimes  these  rise,  with  rounded,  sharp  edges,  seven  or  eight 
feet  high,  and  extending  as  many  feet  in  the  direction  of  their 
strike,  and  then  disappear  in  the  soil.  A  succession  of  such 
outcrops  continue  for  miles,  forming  a  peculiar  feature  in  the 
geology  of  the  districl. 

2.  A  quartzile  porphyry.  This  rock  is  quite  common.  Its 
porphyritic  character  is  obscure;  and  it  happens  not  unfre- 
quently  that  it  takes  on  the  character  of  a  breccia.  Fig.  22  is 
designed  to  illustrate  its  porphyritic  character;  but  it  is  often 
more  obscure,  and  I  am  well  convinced  that  I  have  found  a  few 
rolled  quartz  pebbles  imbedded  in  the  mass. 

The  quartzite  or  chert  is  in  beds,  and  in  one  or  two,  and 
probably  more  districts,  composes  the  largest  part  of  the  rock 
la  a  belt  half  a  mile  wide.  l\  appears  homogeneous  in  the 
protected  part  of  the  mass,  while  the  weatht'red  surface  consists 
of  a  white  or  gray  line  granular  substance,  similar  In  its  con- 
dition to  tripoli.  This  change  extends  several  inches  into  the 
rock,  and  forms  a  well  defined  border  around  the  unchanged 
parts  within  the  mass.  Although  the  slates  bear  strongly  the 
indications  of  sediments,  no  fossils  have  as  yet  been  found  in 
them.  In  their  general  features  they  bear  a  strong  resemblance 
to  the  slates  of  the  lower  half  of  the  Taconic  system.  1  do  not 
propose  lo  attempt  to  give  a  fiill  and  minute  description  of  this 
formation  of  slates  of  North  Carolina,  and  of  the  adjacent  states, 
at  this  time.  I  shall  proceed  to  the  consideration  of  certain 
questions  relating  to  the  gold  as  it  occurs  in  veins,  and  other 
relations  to  the  rocks  which  contain  it. 
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COMPARATIVE  RICHNESS  OF  THE  UPPER  AND  DEEPER 

PARTS  OF  THE  VEIN. 

§  96.  The  opinions  of  miners,  as  well  as  geologists,  do  not 
agree  on  this  question.  The  facts  sustain  apparently  the  doc- 
trine that  the  yield  of  gold  diminishes  where  the  vein  is  beneath 
water.  When  the  facts,  however,  are  carefully  examined, 
they  are  not  so  decisive  of  the  assumed  position.  The  mine 
which  is  of  all  others  most  reliable  in  North  Carolina,  is  "the 
Gold  Hill  mine.  Its  depth  is  about  five  hundred  feet;  the  vein 
quartz,  bearing  the  sulphurets  of  copper  and  iron,  and  the  rock, 
a  greenish  slate.  The  upper  forty  or  fifty  feet  of  the  vein  was 
decomposed,  and  of  course  the  gold  easily  obtained.  Different 
companies  had  leased  parts  of  the  vein.  One  company 
worked  upon  a  level  between  one  and  two  hundred  feet  from 
the  surface;  another  company  worked  a  three  hundred  feet 
level  down  to  four  and  five  hundred  feet  Now,  while  the  vein 
did  not  yield  profits  at  all  large  at  the  upper  level,  the  lower 
was  very  profitable;  even  twice  the  amount  of  gold  was 
obtained  in  the  deepest  part  of  the  mine. 

The  opinion  that  a  gold  mine  is  less  rich  in  the  lowest  levels 
or  below,  arises  from  the  state  of  the  metal,  or  from  its  com- 
bination with  the  sulphurets;  and  experience  has  proved  in 
thousands  of  instances  that  it  is  extremely  difficult  to  separate 
the  gold  by  the  mechanical  processes  usually  resorted  to.  After 
the  ore  has  been  subjected  to  one  operation,  and  all  the  gold 
apparently  obtained  from  it,  and  this  fine  material  is  allowed 
to  remain  a  year  or  two  exposed  to  the  air,  and  then  worked 
again,  it  will  usually  yield  by  the  second  process  nearly  as 
much  gold  as  was  obtained  by  the  first;  and  so  the  same  ore 
may  be  worked  five  or  six  times,  and  made  to  yield  profitable 
returns  of  gold.  These  facts  are  especially  applicable  to  the 
auriferous  sulphurets.  It  appears  then  from  experience  in  North 
Carolina,  that  the  auriferous  veins  are  equally  rich  below  and 

above  water,  to  use  the  common  comparison,  and  that  there  is 
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no  diminutiou  of  gold  in  the  deeper  parts  of  the  vein.  Like 
other  veins  of  metal,  it  is  variable  in  quantity — rich  and  lean 
places  are  met  with  in  the  same  mine;  but  the  Gold  Hill  mine, 
the  McCulloch  mine,  Conrad  Hill,  and  all  those  which  have 
been  skillfully  worked,  yield  as  much  gold  now  in  the  aggre- 
gate as  when  they  were  (irst  opened.  It  must,  however,  be 
acknowledged  that  though  the  quantity  of  gold  obtained  below 
water  may  equal  that  above,  yet  the  increased  expense  of  min- 
ing may  consume  all  the  profits  of  the  business,  and,  in  many 
cases,  prudence  would  suggest  the  abandonment  of  deep  mines. 


DIRECTION  OF  THE  AORIFEROUS  VEINS. 
<j  97.  The  extremes  in  the  direction  of  veins  lie  between 
N.  10°  W.,  and  N.  70°  E.  The  ordinary  limits  lie  between  N. 
20"  E.  and  70"  E.  Their  direction  of  dip  is  northwest  in 
North  Carolina,  and  the  angle  of  dip  varies  from  vertical  lo 
20"  at  the  surface,  while  where  it  is  as  small  as  20",  the  dip 
becomes  greater  in  its  progress  downwards.  The  ordinary  dip 
is  such  that  a  vein  will  make  to  the  westward  seven  or  eight 
feet  in  seventeen  or  eighteen  feet  perpendicular  descent. 


OF  THE  AORIFEROtJS  VEINS  WHICH  PASS  FROM  ONE  ROCK 
TO  ANOTHER,  AND  WHOSE  COMPOSITION  AND  AGE  ARE 
DIFFERENT, 

<j  98.  In  North  Carolina  a  belt  of  granite  underlies  parts  of 
Guilford,  Davidson,  Cabarras,  and  Mecklenburg  counties.  The 
east  side  of  this  granitic  belt  is  bordered  by  a  fine  greenish 
slate.  It  is  the  opinion  of  well  informed  miners  and  geologists 
that  the  auriferous  lodes  pass  from  the  granite  into  the  slate. 
The  observations  have  been  made  where  the  slate  is  thin,  and 
overlaps  the  granite.  Fears  were  entertained  that  certain 
lodes  would  become  valueless  for  gold  when  they  entered  the 
granite,  agreeably  to  a  law  which  is  well  established  in  other 
mining  districts.  My  opportunities  for  observation  are  too 
limited  to  warrant  the   expression  of  an  opinion;  but  I  have 
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been  informed  that  in  two  or  three  instances  the  lode  has  not 
deteriorated  after  it  has  left  the  slate  and  entered  the  granite. 
The  question,  however,  it  appears  to  me,  is  not  yet  satisfactorily 
settled. 

Of  the  age  of  this  slate  I  have  as  yet  been  unable  to  form  an 
opinion.  In  certain  localities  its  character  favors  the  view 
that  it  is  a  sedimentary  rock.  But  so  far  as  I  can  speak  from 
observation,  it  is  not  fossiliferous,  and  it  is  doubtful  whether  it 
contains  rounded  pebbles.  The  only  slate  rocks  which  resem- 
ble it  are  situated  above  the  quartz  rock  of  the  Taconic  system. 


AGE  OF  THE  AURIFEROUS  VEINS  OF  NORTH  CAROLINA. 

^  99.  The  idea  which  has  gained  a  few  supporters,  that  gold 
is  of  recent  origin,  does  not  seem  to  be  sustained  by  facts. 
President  Hitchcock,*  for  example,  quotes  approvingly  the 
opinion  of  Sir  R.  A.  Murchison,  that  gold  is  of  a  recent  origin; 
as  late,  for  example,  as  the  tertiaries.  Opinions  of  geologists 
whose  reputation  is  so  widely  spread  should  not  be  set  aside 
for  slight  reasons.  We  find,  notwithstanding  the  high  authority 
to  the  contrary,  that  the  permean  rocks  of  North  Carolina  con- 
tain the  debris  of  the  auriferous  quartz  veins:  the  gold  itself 
may  be  obtained  from  the  quartz  in  the  usual  way.  Whether 
the  auriferous  rocks  of  North  Carolina  and  Vii^inia  belong  to 
the  same  period  as  those  of  Australia  is  not  determined.  But 
that  the  Carolina  gold  rocks  and  those  of  California  belong  to 
the  same  period,  there  is  scarcely  a  doubt  An  interesting  fact 
connected  with  this  subject  should  be  stated  in  this  place.  In 
Burke  county.  North  Carolina,  E.  Emmons,  jr.,  discovered 
pottery  and  implements  supposed  to  be  of  Indian  manufacture, 
such  as  arrow  heads,  in  the  auriferous  quartz  grit  seven  feet 
below  the  surface.  The  grit  is  overlaid  with  a  stiff  clay.  So 
the  mammoth  remains  are  found  in  Siberia  in  the  same  alluvia 

that  contain  goldf    These  facts  do  not  prove  the  recent  origin 
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of  gold,  neither  can  thej  be  employed  to  prove  that  a  chtatg9 
of  climate  took  place  about  the  time  the  Mammoths  of  this 
country  became  extinct. 

1  hare  already  had  occasion  to  state  the  facts  relative  to 
comparative  richness  of  the  gold  veins  at  considerable  depths. 
This  question  is  tconoraically  one  of  great  imporiance.  Capi- 
talists in  this  country  are  now  pursuing  their  schemes  and 
plans  tor  working  gold  mines  at  all  accessible  depths.  They 
make  no  distinction  between  auriferous  and  cupreous  veins, 
neither  do  the  auriferous  veins  appear  at  all  analogous  to  the 
staniferous  veins  of  Cornwall,  which  were  said  to  be  stanifer- 
ous  upon  their  backs,  but  cupreous  in  the  main  parts  of  the 
lode.  Here  the  gold  accompanies  the  yellows,  as  the  sulphoret 
of  copper  was  called  in  Cornwall,  wilhout  giving  place  to  it 
as  the  tin  lodes  referred  to. 
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()  100.  The  talcose  slates,  mica  slate,  hornblendic  gneiss,  etc., 
which  are  traversed  by  auriferous  veins,  belong  to  a  period 
which  preceded  the  deposition  of  all  the  hydroplastic  rocks  of 
this  country.  The  evidence  which  sustains  this  position  is  of 
two  kinds-  !■  Evidence  of  composition  and  derivation,  2.  Of 
superposition  and  succession. 

1.  The  oldest  sediments  belong  to  the  Taconic  system.  The 
talc  and  mica  of  the  gneissoid  granite  enters  into  the  composi- 
tion of  the  limestone.  A  peculiar  bluish  tinted  quartz  of  the 
same  rock  enters  into  the  composition  of  the  quartz  rock  at  the 
base  of  the  Taconic  system.  These  minerals  are  distinguishable 
from  other  varieties  of  the  same  species.  So  it  is  not  less  cer- 
tain that  the  materials  of  the  Taconic  system  are  carried  up 
into  the  Silurian.  Thus  a  stratiBed  limestone  is  found  in  the 
Potsdam  sandstone  at  Chazy.  The  Taconic  slate  enters  into 
the  composition  of  the  lower  part  of  the  calciferous  sandstone. 
3.  The  quartz  rock  of  the  Taconic  system  rests  unconforma- 
bly  upon  the  gneiss  of  the  Green  Mountain  range,  or  itt  gneiss- 
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Old  granite,  at  many  places;  and  the  Potsdam  sandstone,  or  in 
its  absence  the  calciferous  sandrock,  rests  unconformably  upon 
the  Taoonic  slates  and  other  members  of  the  same  system.  The 
aariferons  rocks,  therefore,  are  inferior  to  two  systems,  and  the 
lines  of  demarkation  between  the  systems  are  so  distinctly 
drawn,  that  they  should  not  be  overlooked.  There  is  no  evi- 
dence that  the  lower  Silurian  are  metamorphic  rocks,  which 
contain  the  gold  of  this  country,  though  this  veiw  is  taken  by  a 
distinguished  geologist  in  the  governmental  survey  of  Canada. 
Several  rich  auriferous  veins  traverse  a  hornblendic  gneiss 
in  Rutherford,  N.  C,  at  the  eastern  base  of  the  Blue  ridge.  On 
the  west  side  of  the  same  ridge  gold  is  derived  from  mica  slate, 
four  miles  west  of  Sowannanoe  gap.  I  entertain  the  opinion 
that  we  have  no  facts  which  sustain  the  doctrine  that  the  rocks 
of  the  Blue  ridge  are  altered  Hudson  river  sandstones  and 
shales,  and  yet  the  Blue  ridge,  where  it  is  auriferous,  is  identi- 
cal with  the  Green  Mountain  range. 


DISTiaBUnON  AND   EXTENT   OF   THE   AURIFEROUS   ROCKS 

EAST  OF  THE  MISSISSIPPI  YALLET. 

§  101.  "We  can  not  with  certainty  determine  the  extent  of  the 
auriferous  belt  of  the  Atlantic  slope.  Its  width  in  North  Caro- 
lioais  at  least  one  hundred  miles  on  a  line,  passing  through  the 
state  from  southeast  to  northwest;  but  the  area  over  which 
gold  has  been  found,  is  equal  to  10,000  square  miles.  It  is  found 
in  this  state,  in  all  the  counties  lying  west  of  Wake,  and  is  from 
fifteen  to  thirty  miles  wide  in  Virginia.  One  gold  vein  only  is 
known  in  Maryland;  but  the  slates  which  usually  contain  gold  are 
about  ten  miles  wide.  The  gold  vein  in  Maryland  is  at  Brook- 
ville,  in  Montgomery  county.  Gold  is  not  found  in  this  direc- 
tion until  it  appears  in  Somerset,  Vt,  on  the  east  side  of  the 
Oreen  mountains.  AH  that  is  interesting  at  Somerset  is  the 
fact  that  gold  occurs  in  the  same  relations  as  at  other  places  in 
the  South.  Still  farther  north,  in  Canada  East,  it  reappears 
again,  at  Sberbrooke  and  La  Chandiere  river.    It  is  associated 
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with  quartz,  as  usual,  but  the  most  productive  locations  aietbe 
deposit  or  branch  mines.  The  iodicalions  bear  a  favorable 
aspect  in  the  Canadian  mines.  From  North  Carolina,  the  gold 
belt  extends  south  through  South  Carolina  and  Georgia,  disap- 
pearing at  last  beneath  the  tertiary  of  the  Atlantic  slope. 


OP  THE  PYRITES  AND  AURIFEBOnS  COPPER  LODES  OF  THE 
ATLANTIC  SLOPE. 

§  102.  There  are  classes  of  gold  mines  in  which  copper  is 
rarely  if  ever  found.  There  is  first  the  disseminated  gold  of 
the  sod  slates.  When  the  metal  is  widely  di0used  in  the  rock, 
the  produce  amounts  to  from  ten  to  thirly-five  cents  per  bushel 
of  ore.  These  masses  of  slate  may  yield  gold  through  a  width 
of  one  hundred  feet;  some  places  are  richer  than  others.  They 
may  be  called  mass  mines.  In  auriferous  rocks  of  this  kind, 
the  gold  is  combined  with  very  small  particles  of  sulphuret  of 
iron,  which  are  decomposed  for  thirty  or  forty  feet  in  depth, 
but  below  the  water  level,  the  sulphuret  becomes  visible.  Cop- 
per is  never  found  in  this  species  of  auriferous  deposit.  It  is 
absent  again  in  the  thin  auriferous  belts,  which  rarely  exceed 
six  inches  in  width,  in  slates  of  a  similar  character.  These 
are  false  veins,  as  they  are  destitute  of  walls.  So  copper  is 
absent  in  some  of  the  veins  of  auriferous  iron  pyrites.  But  a 
very  large  proportion  of  the  veins  which  carry  gold  carry  cop- 
per also ;  and  some  of  them  have  become  the  best  copper  mines 
in  North  Carolina.  The  upper  part,  or  back,  as  this  part  is 
sometimes  called,  is  simply  a  decomposed  iron  pyrites;  but 
when  the  lode  is  penetrated  thirty  or  forty  feet,  the  triple 
compound  of  sulphur,  copper  and  iron,  comes  in,  and  increases 
in  quantity  with  the  descent,  or  in  other  words,  it  becomes  a 
copper  lode.  A  few  years  ago  a  change  of  this  kind  was 
dreaded,  as  it  was  invariably  deemed  necessary  to  abandon 
them,  for  no  other  reason  than  that  it  cost  too  much  to  separate 
the  gold  from  alloy,  which  would  be  found  with  the  copper. 
At  this  time  many  of  these  abandoned  gold  mines  are  regarded 
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as  the  best  and  most  valuable  mines  for  copper.  As  lodes  or 
veins  they  furnish  nothing  new  as  to  structure,  or  add  to  those 
facts  which  are  interesting  in  the  eyes  of  a  geologist.  The 
gold  is  sacrificed,  or  at  least  no  successful  attempts  have  been 
made  to  save  it;  although  it  has  been  proposed,  first  to  separate 
it  by  the  usual  mineral  process,  and  afterwards  smelt  the 
remaining  cupreous  material. 

While  there  is  a  general  similarity  in  the  structure  of  the  vein- 
stone, and  arrangement  of  the  materials  constituting  the  lode, 
there  are  a  few  peculiarities  belonging  to  individual  veins, 
which  are  worthy  of  a  passing  notice.  The  McCulloch  vein, 
in  Guilford  county,  N.  C,  for  example,  is  remarkable  for  its 
width,  and  the  extent  or  depth  to  which  the  decomposition  of 
the  ore  extends,  which  can  not  be  less  than  one  hundred  feet. 
The  vein  expands  to  seven  and  eight  feet  in  width,  and  con- 
tains, notwithstanding  this  great  expanse,  very  rich  ore;  and 
the  proprietors  did  not  work  ore  which  yielded  less  than  one 
dollar  per  bushel.     It  is  a  magnificent  vein. 

The  Grold  Hill  veins  have  also  been  very  successfully  worked. 
Their  greatest  width  is  seven  and  eight  feet,  and  the  principal 
vein  has  never  been  less  than  two  feet.  This  vein  has  been 
worked  to  the  depth  of  five  hundred  feet  It  is  an  auriferous 
quartz  and  copper  pyrites,  in  a  green  fissile  slate.  It  often 
yields  five  and  six  dollars  per  bushel  of  ore.  The  Reed  mine, 
Cabarras  county,  contains  but  little  pyrites,  but  it  is  remarka- 
ble for  the  large  masses  of  gold  it  has  furnished;  one  of  which 
weighed  twenty-eight  pounds,  another  sixteen,  and  another 
nine,  and  so  on  in  respectable  lumps,  which  have  been  very 
numerous;  and  another  of  sixty  pounds:  though  it  requires  to 
be  more  fully  authenticated,  still  the  evidence  of  the  fact  is  by 
no  means  slender. 

The  Fentriss  copper  mine  in  Guilford  county.  North  Carolina, 
has  furnished  a  large  amount  of  ore.  This  vein  is  forked,  or 
consists  of  a  flat  vein,  rising  at  an  angle  of  ten  degrees  towards 
the  surface.  Its  veinstone  is  a  coarse  quartz,  carrying  large 
lumps  of  sulphuret  of  copper  and  iron  on  its  inferior  side. 


When  it  unites  with  the  vertical  vein  it  swells  out  to  a  width 
of  seven  or  eight  feet.  It  carries  also  a  quantity  of  iron  py- 
rites which  is  silver  white.  It  hae  not  been  analyzed,  but 
probably  contains  arsenic  and  cobalt.  Amung  the  remarkable 
veins  of  the  south,  those  of  Ducktown,  Poik  county,  in  Tennes- 
see, have  probably  excited  the  most  atlention.  The  rock  is  a 
talcosG  slate,  interlaminated  with  hard  layers  of  gneiss  and 
hornblende,  and  liighly  inclined.  There  is  nothing  in  the 
general  appearance  of  the  country  which  indicates  a  mining 
region,  and  accident  alone  brought  to  light  the  remarkable 
repositories  of  copper  ore.  The  ores  of  this  district  are  in 
some  respects  unlike  those  of  North  Carolina:  they  are  arse- 
nical, and  probably  to  the  presence  of  a  third  metal  the  peculiar 
condition  of  the  copper  ore  is  due. 

A  section  of  the  Congdnn  vein  at  this  place,  gives  all  the 
information  we  desire  respecting  this  structure. 

The  section  is  vertical  and 
longitudinal  for  the  purpose 
of  showing  the  slope  or  pilch 
of  Ihe  materials  of  ihe  lode, 
for  it  has  a  slope  in  addition 
to  its  dip.  The  following 
exhibits  ihe  order  ot  arrange- 
ment: 1,  talcose  slate;  2, 
Gossan,  or  hydrous  peroxide 
of  iron;  3,  bell  metal  ore; 
4,  black  oxide  of  copper;  5, 
of  the 
commencement  of  the  yellow 
sulphuret  or  mundic.  The  Gossan  was  seventy  feet  thick  in 
the  direction  of  the  shaft  sunk  upon  a  hill.  It  is  destitute  of 
copper  in  the  upper  part  of  the  mass,  but  it  is  present  in  the 
lower.  The  bell-metal  ore  is  only  from  twelve  to  sixteen  inches 
thick,  and  the  thickness  of  the  black  oxide  is  variable  in  con- 
sequence of  resting  upon  an  uneven  floor,  but  exceeded  three 
feet.     The  width  of  this  vein  at  the  surface  is  five  feet,  with  its 
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walls  very  well  defined.  At  the  depth  of  thirty-five  or  forty 
feet,  its  extreme  width  is  forty  feet.  No  one  can  inspect  this 
lode  and  be  uninterested  in  the  chemical  changes  that  have 
taken  place  since  the  fissure  was  filled  with  metal.  The  first 
change  which  perhaps  would  be  noticed,  is  the  perfect  destruc- 
tion of  the  original  lode.  Its  gangue,  which  is  quartz,  is  dis- 
persed through  the  mass  of  black  oxide  and  gossan  in  part. 
The  true,  original  walls  are  broken  down,  and  the  copper  is 
extended  laterally  into  oven-shaped  cavities,  in  the  soft  adja- 
cent slate.  The  smaller  oven-shaped  expansions  extend  into 
the  rock  six  or  seven  feet,  the  larger  still  farther.  The  smaller 
are  three  or  four  feet  high,  and  as  many  wide,  and  as  they  are 
occupied  entirely  with  the  black  oxide  of  copper  and  its  gangue, 
the  contents  only  require  to  be  shoveled  and  screened,  in  order 
to  be  prepared  for  market.  Three  hundred  tons  of  this  ore  were 
taken  out  irom  this  vein  in  one  month.  The  chamber,  after  the 
removal  of  the  ore,  presents  an  irregular  shape.  Its  roof  is 
more  uniform  from  the  existence  of  the  layer  of  bell-metal  ore. 

This  vein  presents  its  most  remarkable  feature  only  when  we 
contemplate  it  in  its  original  condition;  when  the  iron,  copper, 
and  arsenic  were  in  combination  with  each  other,  and  arranged 
in  the  usual  order.  Now  we  find  the  copper  in  the  form  of  a 
black  oxide,  occupying  the  lowest  place  in  the  lode.  The  iron 
forms  a  mass  seventy  feet  thick  overlying  all  the  rest.  The 
more  volatile  elements,  sulphur  and  arsenic,  have  disappeared. 
The  change  is  undoubtedly  one' which  should  be  referred  to 
molecular  forces,  representing;  in  its  effects  the  formation  of 
nodules,  septaria,  and  sometimes  entire  strata. 

Ducktown  can  boast  of  five  veins,  rich  as  the  Congdon,  and 
similar  in  structure.  Here  is,  therefore,  a  peculiar  mineral 
district,  rich  beyond  any  which  had  been  explored,  and  yet 
there  is  nothing  upon  the  surface  which  would  lead  a  geologist 
or  miner  to  suspect  the  value  and  magnitude  of  the  mines 
beneath  it.  It  is  true  that  on  the  surface  there  are  mounds  of 
gossan,  or  the  hydrous  peroxide  of  iron;  yet  copper  is  never 
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form  of  the  lodes  in 
Fie  «. 


found  upon  the  surface.  The  slales  of  Tennessee,  Virginia, 
anrf  Noith  Carolina  abound  ip  Ihis  species  of  iron  ore;  but  so 
far  as  discoveries  have  yet  been  made,  the  mounds  of  oxide  ot 
iron  do  not  overlay  copper,  except  at  Ducktown, 

A  vein  three  miles  south  Irom  the  Congdon  mine,  and  jusi 
within   the  limits  of  Georgia,  exhibits  the  general  original 
vicinity  of  Ducktown  Cfig.  42).     This 
vein  was  discovered  by  follow- 
ing the  imiications  furnished 
by  the  gossan.   Upon  the  sur- 
face this  substance  was  ob- 
served to  be  rather  common  at 
the  locality  referred   to,  and 
selecting  a  place  which  repre- 
sented   the   center  of  disper- 
sion, a  shaft  was  sunk  almost 
at  random.     When  the  earth 
was  removed  from  the  rock  a 
crevice  was  observed, 


'hich  ( 


I  th^ 


frossan; 
It    down 


■nty-iive  tect,  ihe  crevice 
expanded  into  a  large  pipe  vein  of  the  form  presented  in  the 
Bgure.  This  peculiar  lode  was  struck  five  feet  higher  on  the 
north  side  of  the  shaf)  than  upon  the  south.  This  pipe  vein 
penetrates  the  rock  obliquely.  The  black  oxide  of  copper  and 
gossan  occupy  the  same  relative  position  as  at  the  Congdon 
vein.  The  Congdon  mine  was, originally  a  Jarger  pattern  of 
the  same  kind  of  vein  as  the  Georgia  mine.  At  the  deepest 
part  of  the  shaft  this  is  live  feet  wide,  and  a  ton  of  black  oxide 
was  taken  out  of  it. 

The  Georgia  mine  is  noticed  for  the  purpose  of  illustrating 
the  peculiar  form  of  the  pipe  vein,  which  seems  to  constitute 
an  interesting  feature  in  the  Ducktown  mining  district. 
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COPPER  MINES  OF  LAKE  SUPERIOR. 

^  103.  The  occurrence  of  native  copper,  in  sufficient  abund- 
ance to  make  it  an  object  of  commercial  value,  is  one  of  the 
most  recent  of  geological  discoveries.  The  fact  is  another 
illustration  of  a  remark,  that  each  mineral  district  contains  a 
certain  type  of  mineral  character  peculiar  to  itsdf.  That  type 
does  not  seem  to  be  entirely  dependent  upon  the  surface 
geology;  for  that  of  Polk  county,  Tennessee,  is  not  ostensibly 
different  from  North  Carolina.  Many  other  illustrations  of  (he 
fact  might  be  given. 

The  geological  position  of  the  copper  has  been  determined 
by  the  late  Dr.  Houghton  and  Dr.  Jackson,  and  confirmed  by 
other  American  geologists.  They  have  shown  that  the  native 
copper  lies  in  veins  in  the  trap  rock,  and  that  this  rock  forms 
alternations  with  the  potsdum  sandstone;  and  save  the  excep- 
tion, the  exclusive  metallic  condition  of  the  copper,  its  reposi- 
tories do  not  differ  from  those  where  it  is  found  in  other 
states,  as  that  of  the  sulphuret  or  the  gray  copper  ore. 

As  a  general  illustration  of  the  copper  lodes  of  lake  Superior, 
I  have  copied  the  annexed  diagram  from  Foster  and  Whitney's 
Governmental  Report  (fig.  43).     In  this  diagram  the  shaded 

Fig.  43. 


A  A  Ujar*  of  MiuUtoiia,  D 


of  trap  coDtuoiDg  the  capper. 


part  shows  where  the  copper  has  been  removed  by  means  of 
the  vertical  shafts  and  borizontat  galleries.     It  will  be  observed 
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rhm  Iwii  of  tlie  horiznntal  galleries  jK^netrati;  the  bitrUers  of  the 
aandstonc,  but  are  soon  discontinued.  It  is  proved  by  many 
observutions,  that  un  ore  or  metal  in  passing  tVom  one  rock  to 
another  is  greatly  diminished  in  quantity,  or  the  contrary.  In 
the  case  before  us,  the  copper,  when  it  passes  into  the  sand- 
atone,  becomes  a  mere  thread  or  string;  ■md  though  the  fiarare 
may  exist,  or  may  have  been  tbrmed.  the  metal  it  contains  bears 
no  comparison  in  quuntity  to  that  in  the  trap  rock.  The 
Rssuie  of  the  sandstone,  if  it  equals  in  width  that  of  the  trap, 
will  be  filled  mostly  with  veinstone.  It  can  not  escape  the 
reader's  notice,  that  this  fact — the  change  which  a  vein  luider- 
goes  in  passing  from  one  rocic  to  another — is  one  of  the  most 
interesting,  as  well  as  important,  in  all  mining  operations 
where  two  rocks  bear  the  same  relations  as  those  of  the  trap 
and  sandstone  of  lake  Superior. 

The  traps,  however,  are  not  equally  productive  in  metal; 
and  there  appears  (o  be  as  much  dtfierence  in  the  three  kinds 
of  trap,  the  soft  amygdaloids,  hard  granular  trap,  and  the 
greenstone,  as  between  the  most  productive  trap  and  sandstone. 
The  soft  amygdaloids  contain  copper  lodes,  but  they  are  thin, 
branching  and  scattered;  while  in  the  hard  greenstone  the 
veins  are  contracted  and  pinched  out.  In  the  fine  granular  sub- 
crystalline  trap  the  veins  reach  their  maximum  of  excellence. 

The  gangue  of  the  copper  lodes  is  in  keeping  with  the  rock 
which  contains  them.  The  zeolites,  prehnite,  laumonite,  &c., 
are  minerals  of  trap  lOck;  so  in  their  geological  position  they 
become  the  veinstone  of  the  copper,  and  other  metals  of  the 
rock.  Calcspar  is  also  a  veinstone,  but  it  is  also  an  associate 
of  zeolite  It  appears  from  this  fact  that  the  veinstone  is 
derived  from  the  rock  containing  the  vein. 

The  veins  of  native  cooper  vary  in  width.  I  may  cite,  as 
an  illustration  of  the  fact,  the  well  known  Cliff  mine,  situaied 
on  Keewaunee  point,  three  miles  from  the  lake  shore.  The 
outcrop  of  the  vein  is  in  a  cliff  nf  greenstone.  It  is  only  two 
inches  wide  in  prehnite  as  iUs  gangue,  but  an  exposure  on  the 
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Fif.  44.  line  of  dip  disclosed  the  fact  that  its 

v^idtb  increased.      With  this  encour- 


1234 


4  agement,  the  vein  at  the  base  of  the 

if.;  cliff  was  exposed.     At  this  point  the 

■"j  vein    had    increased   to   two   feet    in 

■;>,  width.       This   encouragement   led  to 

,;  -  the  tiirther  exploration  of  the  mine, 

'^  "  '  which  soon  afterwards  led  to  the  dis- 
covery of  itumease   masses  of  native 

•iJl^k'^lW^th.'^ir  "'PP^'"'  8*>™«  *»*  ""^'"^^  weighed  fifty 
or  sixty  tons.  From  the  first  discovery 
of  these  masses,  the  mining  enterprise  assumed  a  better  aspect. 
The  progress  of  discovery  has  kept  pace  with  the  labor  and 
expeoditure  of  capital;  and  now  the  mines  of  lake  Superior 
talce  rank  with  the  most  productive  mines  of  the  world.  The 
shipments  of  copper  from  Cliff  mine  have  amounted  tu  1800 
totu  per  annum,  containing  Irom  sixty-iive  to  seventy  per  cent 
of  pure  copper. 


DISSEMINATED  NATIVE  COPPER  IN  HORNBLENDE. 

^  104.  In  the  southern  counties  in  Virginia,  native  copper 
has  been  discovered  which  occurs  in  small  pieces  in  hornblende) 
with  epidote  in  combination.  It  shows  no  tendency  to  arrange 
itself  in  veins,  but  is  distributed  irregularly  in  masses  from  the 
size  of  a  pigeon  shot  to  an  almond.  This  discovery  of  copper 
was  made  in  Carrol  coimty,  Virginia,  and  it  has  been  found 
over  a  region  thirty  miles  long,  the  breadth  of  which  is  unde- 
termined, but  not  over,  it  is  supposed,  ten  miles. 

It  appears  that  the  discovery,  up  to  this  time,  is  interesting  to 
the  geologist,  rather  than  useful  to  the  miner  or  capitalist.  Its 
origin  is  no  doubt  coeval  with  that  of  the  rock.  The  cabinet 
specitaiens  which  I  have  seen,  bear  a  trappean  aspect. 
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VITREOUS  OR  GRA.V  COPPER  ORE. 

^  105.  In  North  Caioliaa,  ChatharQ  county,  several  veins  of 
copper  have  been  discovered,  having  al  the  outcrop  of  the  vein 
and  for  fifteen  or  tweaty  feet  morr,  gray  copper;  but  it  gives 
place  to  the  yellow  sulpburet  sooner  or  later.  There  is  nothing 
peculiar  in  the  structure  of  the  veins  which  carry  gray  copper. 
It  is  worthy  of  remark  that  it  is  massive,  and  that  it  is  proba- 
bly an  altered  yellow  sulpburet. 

The  gray  copper  of  Bristol,  Conn.,  is  associated  with  the 
yellow  sulpburet  and  sulphurel  of  iron.  It  is  remarkable  for  its 
fine  crystals  of  gray  copper. 

The  red  sandstone  of  Connecticut  and  New  Jersey  contains 
the  carbonates,  sulpburets,  red  oxide  and  blue  sulpburet  of  cop- 
per. The  locality  at  Siuisbury,  Conn.,  was  known  in  the  time  of 
the  revolution.  Those  of  New  Jersey  appear,  many  of  tbem, 
to  be  exhausted.  Mining  operations  have  been  prosecuted  at 
Somerviile,  Woodbridge  and  Farmington.  As  the  efforts  to 
obtain  good  veins  of  good  mines  of  copper  have  signally  failed, 
it  is  a  matter  of  interest  to  determine  the  causes  of  ibese  fail- 
ures. Prof.  Rodgers,  who  has  invesligaled  the  question  very 
carefully,  came  to  the  conclusion  that  veins  do  not  exist — that 
the  copper  occurs  in  proximity  to  the  trap,  and  without  vein- 
stone or  mixture  of  other  metalliferous  matter,  but  in  ramifying 
strings  or  bunches,  which  are  more  or  less  blended  with  the 
adjacent  rock.  At  the  Schuyler  mine,  the  sulpburet  and  carbon- 
ate occur  in  a  sandstone  twenty  or  thirty  feet  thick,  in  which 
it  is  imbedded  and  forms  a  band  which  traverses  the  layer  in  a 
series  of  offsets  or  steps,  and  which  has  been  pursued  to  the 
depth  of  212  feet  below  the  surface.  The  phenomena  which 
bear  upon  the  origin  of  the  copper  ore  of  the  sandstone,  seem 
to  favor  the  view  that  it  was  sublimed  through  shrinkage 
cracks,  or  imperfectly  formed  fissures,  and  which  also  pene- 
trated more  or  less  between  the  layers  and  into  the  porous  sub- 
stance of  the  sands'.CHie. 
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In  the  north-western  part  of  New  York,  the  sulphuret  of 
copper  is  found  connected  with  the  pyrocrystalline  limestone, 
in  strings  and  bunches.  Its  origin  in  this  instance  may  also  be 
attj'ibuted  to  a  like  cause. 


THE  LEAD  BEARING  ROCKS  OF  THE  UNITED  STATES. 

§  106.  The  only  ore  of  lead  which  is  found  in  sufficient 
quantities  to  pay  a  profit  to  the  miner,  is  the  sulphuret  of  lead 
or  galena.  It  is  found  in  rocks  of  several  epochs.  The  Pyro- 
crystalline, the  Taconic,  Silurian  and  carboniferous,  are  each  of 

them   lead   bearing.     In  the  Alleghanies   and  other  primary 

»  

ranges,  it  is  found  in  veins.  The  gneiss  of  this  great  range  is 
generally  the  repository  of  it,  as  at  Rossie,  St.  Lawrence  county. 
It  occurs  in  veins  also  in  all  the  systems  I  have  named.  At 
Ancram  in  Dutchess  county,  it  is  in  the  Taconic  system;  near 
Spraker's,  on  the  Mohawk,  and  at  Martinsburgh,  it  is  in  the 
LfOwer  Silurian.  At  Wisconsin  and  Iowa,  Upper  Silurian.  In 
Derbyshire,  England,  it  is  in  the  Carboniferous  system. 

The  Rossie  lead  mine  has  been  worked  to  a  greater  depth 
than  any  other  lead  mine  in  the  country,  and  hence  may  be 
referred  to  for  the  purpose  of  illustrating  the  general  facts 
which  pertain  to  the  repositories  of  lead  in  gneiss,  as  well  as 
the  other  rocks  which  belong  to  the  same  class.  I  have  already 
had  occasion  to  refer  to  the  lead  vein  of  Rossie,  the  structure 
of  which  is  exhibited  in  the  figure.  The  vein  is  exposed  at 
this  place  in  consequence  of  a  shift  in  the  gneiss  by  which  it 
has  been  elevated  thirty-five  or  forty  feet  above  a  low  swampy 
country,  which  bounds  the  outcrop  of  the  rock  on  its  eastern 
side.  The  peculiarities  and  characteristics  of  this  vein  as  well 
as  other  veins,  are  exhibited  in  the  cut.  Figure  25. 

The  middle  dark  broad  line  represents  the  position  of  the 
galena,  imbedded  in  a  calc  spar  on  each  side,  and  which  fills 
the  fissure.  When  the  outcrop  of  the  vein  was  exposed,  the 
white  gangue  of  spar,  and  the  brilliant  seam  of  lead  in  the 
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middle,  formed  a  fine  and  beautiful  contrast  with  the  darker  and 
sharply  defined  wall  of  gneiss  which  inclosed  it. 

The  wall  of  rock  which  rises  out  of  the  low,  flat  and  swampy 
ground,  seems  to  terminate  here,  and  to  limit  the  extent  of  the 
vein  in  thi-  direction,  as  no  rock  appears  for  one-fourth  of  a 
mile.  This  wide  interval  and  absence  of  rock  is  due  to  dilu- 
vial action,  at  least  in  part,  its  upper  pari  having  been  removed; 
but  the  vein  and  rock  continues  in  the  directiou  indicated  by  the 
strike  of  the  vein,  beneath  the  low  grounds^  and  the  workings 
of  the  vein  may  be  carried  on  beneath  these  grounds,  which  are 
frequently  covered  wilh  water,  which  sets  back  from  Indian 
river,  wilh  which  they  communicate. 

I  have  had  occasion  to  observe  more  than  once,  that  it  is  a 
rare  circumstance  that  a  vein  fissure  is  produced  without  being 
accompanied  with  others  also.  This  fact  I  propose  to  illua- 
trate  again  by  the  accompanving  ground  plan  ot  veins  which 
ha»e  been  discoviied  al  Rossie. 

Fig.  45  exhibits  four  lead  rfliu 
which  constitute  this  mineral  dis- 
trict. Thus,  I  sliows  the  bear- 
ing of  the  Union  vein,  which  is 
S.  73°  E.  It  sends  olf  a  branch 
S.  8h°  E.  2,  the  Victoria  vein, 
whose  bearing  is  S.  84°  E.,  with 
its  diverging  branch;  3,  the  Coal 
Hill  vein,bearing  8.82"  E.  This 
is  the  vein  already  referred  lo  in 
Fig.  25.  4,  Indian  river  vein,  bear- 
ing S.  75°  45'  E.  The  heavy  trans- 
verse shaded  band  shows  the  bound- 
ary between  the  high  and  low 
grounds  already  spoken  of.  Two  of 
the  veins  have  been  extensively 
worked.  The  great  Coal  Hill  vein 
was  first  discovered,  and  has  been 
explored  to  the  depth  of  200  feet 
and  lias  furnished  C341'000  worth 
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of  metal.  This  mine,  which  was  opened  in  1836,  although  it 
presented  a  fair  prospect  of  yielding  large  dividends  to  the 
owners,  yet  was  abandoned  after  three  or  four  years*  trial.  This 
arose  from  great  extravagance  and  unskillfulness  in  mining. 
The  work  was  prosecuted  by  opening  the  vein  for  a  great  dis- 
tance along  its  outcrop,  which  exposed  it  to  inundation  from 
surface  water. 

To  exhibit  the  plan  pursued  in  opening  and  working  this 
mine,  I  have  copied  the  following  diagram,  Fig.  46,  by  which 
it  will  be  seen  by  the  darkly  shaded  parts  of  the  figure  how 
much  galena  has  been  taken  out  of  the  mine. 


It  will  he  observed  that  this  shaded  part  extends  the  whole 
distance  along  the  outcrop.  Where  there  should  have  been  at 
most  two  shafts,  there  is  a  trench  extending  the  length  of  the 
vein  as  far  as  worked,  some  twenty  or  thirty  feet  deep,  the 
effect  of  which  is  to  convert  what  should  have  been  closed  into 
an  open  way  for  the  ingress  of  water,  which,  in  some  cases, 
would  totally  ruin  a  mine. 

The  most  important  lead-bearing  rocks  of  this  country  be- 
long to  the  western  states,  Illinois,  Missouri,  Iowa  and  Wiscon- 
sin. The  lead  of  these  slates  belongs  mostly  to  one  rock,  the 
CliS*  limestone  of  the  western  geologists,  the  lower  part  of 
which  is  equivalent  to  the  Niagara  limestone  of  New  York. 
Lead  is  also  found  in  the  calciferous  sandstone,  the  lowest 
limestone  of  the  Silurian  system.  In  New  York,  this  lower 
S3 
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Iime!!tone  is  not  ilestitule  of  lead  ami  zinc;  it  is  ia  a  sufBcie 
quantity  to  keep  up  the  analogy  between  the  beds  of  rock  of 
the  Rfime  age  at  distant  points.       These  limestones  are  both 
magnesian,  though  the  magnesia  is  variable  in  quantity  in  the 
ditierent  Jayers. 

The  composition  of  the  lead-bearing  rock  of  Wisconsin  was 
found  to  be  a.s  follows: 

Caibonnte  "t  Litnr,  4T'40 

"                 MiKKeiin,  40*70 

Oxide  of  Iron,  i*40 

Sitax,  7-10 


The  texture  of  the  rock  differs  in  ditl'^rent  places;  in  some  it 
is  friable  like  a  sandstone;  in  othirrti,  bard  and  durable.  It  is 
also  cherty  or  traversed  by  bands  of  compact  quartz  resembling 
flint. 

This  rock  is  generally  favorable  both  for  the  reception  and 
retention  of  the  metals.  It  has  been  fissured  exiensivt'ly,  and 
these  6ssures  had  remained  open  until  they  received  the  lead  or 
copper  or  other  metals  which  we  find  in  them. 

A  fresh  fracture  of  the  rock  exhibits  a  sub-crystalline  aspect, 
a  flat  conchoidal  surface,  a  granular  texture,  and  a  light  yel- 
lowish or  drab  color.  When  weathered  it  is  brownish  or  red- 
dish yellow.     Specific  gravity  2'65  to  2'70. 

Owen  divides  the  Cliff  limestone  into,  1,  upper  or  shell  beds, 
consisting  of  a  white  or  light  colored  limestone,  deslitiite  of 
magnesia,  fossils  calcareous;  2,  middle  or  coralline  beds,  which 
are  cherly  and  magnesian,  and  of  a  yellowish  color,  fossils  sili- 
cious;  3,  lower  or  lead-bearing  beds,  color  yellowish  and  com- 
position magnesian.  The  rocli  presents  cliffs  when  it  appears 
at  the  outcrop,  which  are  more  or  less  fissured   and  separated 

*  D.  D.  Owen*  Rep.  of  Geo!.  Expl  of  Iowa,  WiaeoniD  and  Illinois,  1636, 
p.  94. 
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into  columns.  Its  stratification  is  obscure  and  its  vertical  fis- 
sures numerous,  and  which  are  sometimes  prolonged  or  extended 
horizontally. 

Wisconsin,  and  the  states  which  are  lead-bearing,  have  been 
subjected  both  to  the  denuding  action  of  a  rush  of  waters,  and 
to  a  slower  disintegration  of  rocks  by  the  common  atmospheric 
agencies  These  external  influences  have  wrought  many  altera- 
tions in  the  rock,  and  have  also  changed  the  position  and 
association  of  the  metal  which  the  rock  contains.  Originally 
the  galena  was  injected  into  its  fissures,  which  it  undoubtedly 
filled,  and  which  it  continues  to  occupy  in  part;  but  in  conse- 
quence of  the  disintegrations  which  the  rock  has  suflfered,  all 
the  upper  parts  of  the  veins  seem  to  have  been  broken  down, 
and  the  lead  has  become  commingled  with  a  stiff,  reddish  clay. 
The  galena  is  therefore  found  in  veins  and  in  beds. 


LIMITS  OF  THE  VEINS  OF  THE  LEAD-BEARING  STRATA. 

§  107.  The  lead  is  not  confined  wholly  to  the  lower  cliff 
limestone.  To  a  limited  extent,  it  reaches  the  blue  limestone 
beneath,  though  this  rock  is  not  by  any  means  so  rich  and  pro- 
ductive. The  lead,  therefore,  for  all  useful  purposes,  so  far  as 
is  known,  is  confined  to.  the  Niagara  limestone,  and  to  the  over- 
lying debris  which  contains  the  products  of  the  broken  down 
veins. 

The  fissures  vary  in  thickness  from  a  few  lines  to  fifty  feet, 
but  Mr.  Owen  remarks  that  the  common  width  of  the  fissures 
filled  with  solid  metal  is  about  four  inches,  and  rarely  exceeds 
twelve  inches.  One  instance  is  given  in  which  the  galena  of 
a  fissure  was  six  or  eight  feet  thick  in  the  center,  and  extended 
thirty-five  feet;  it  tapered  to  a  point  at  each  extremity.  The 
foregoing  statement  leads  to  another  still  more  remaikable  in 
the  annals  of  lead  mining.  Thus,  fissures  sometimes  expand 
into  large  caverns,  the  walls  of  which  are  lined  with  galena, 
while  this  is  overlaid  or  incrusted  with  spar,  stalactites,  etc. 
The  galena  which  lines  these  large  chambers  is  sometimes 
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twelve  inches  thick-  The  enlargement  of  fissures  subsequent 
to  the  beginning  of  the  metallic  accumulation  has  been  men- 
tioned already,  but  the  peculiarity  in  the  cases  referred  to,  is  no 
doubt  due  to  the  nature  and  composition  of  the  rocii. 

The  dirt'clion  of  the  lead  veins  is  fast  and  west,  or  rather 
south  of  east.  When  north  and  south  they  are  less  productive, 
though  exceptions  to  this  statement  do  occur.  The  peculiar 
fissured  condition  of  the  limestone  has  produced  a  great  irregu- 
larity in  the  dip  of  the  veins.  Instead  of  dipping  regularly, 
and  at  a  constant  angle,  the  dip  takes  the  form  of  several  suc- 
cessive offsets.  Thus,  for  a  given  stratum,  the  angle  of  dip 
may  be  45°,  but  in  passing  to  the  south  it  may  be  more  oblique 
or  become  horizontal,  by  following  the  bedding  plane  between 
two  strata,  pursuing  a  route  where  the  diSiculties  and  distrac- 
tions are  readily  overcome.  When,  however,  it  has  taken  a 
horizontal  direction,  it  may  pass  to  the  vertical.  There  is  there- 
fore great  irregularity  in  the  dip  or  lead  of  the  vein.  The  iis- 
sures  of  the  CliS*  limestone  usually  stop  short  of  the  superin- 
cumbent limestone,  and  hence  are  capped  over  by  the  upper 


POSITION  OF  THE  ORE,  AND  THE  LEAST  THICKNESS   OF 
VEIN  WHICH  CAN  BE  WORKED  WITH  PROFIT. 

^  lOS.  The  broken  down  veins  are  concealed  in  reddish  clay, 
ferruginous  sand,  masses  of  rock,  etc.  The  lead  is  then  obtained 
from  these  deposits  by  digging. 

The  position  of  the  ore  in  the  vein  is  often  changed,  and  it 
has  been  in  process  of  time  detached  from  its  walls,  and  is  ob- 
tained in  pieces  varying  in  size  from  a  pea  to  those  of  a  thou- 
sand pounds  weight. 

The  width  of  vein  required  for  working  may  be  profitable 
if  it  does  not  exceed  half  an  inch,  provided  the  ground  is  not 
very  hard.  It  is  tivident  the  profits  of  working  a  vein  depend 
va  the  character  of  the  walls,  gaugue,  etc. 
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INDICATIONS  OF  THE  PRESENCE  OF  A  VEIN  BENEATH. 

§  109.  It  has  been  observed  that  where  a  sink  hole  decurs 
there  is  a  probability  of  finding  lead.  So,  when  a  series  of 
them  can  be  traced  upon  the  surface  in  an  east  and  west  direc- 
tion, there  is  probably  a  fissure  in  connection  with  them,  which 
will  prove  to  be  lead-bearing.  Depressions,  miniature  ravines, 
the  presence  of  barytes  in  the  debris,  or  calc  spar,  become  in- 
dications of  the  existence  of  a  vein  fissure  in  the  neighborhood. 
In  prospecting  for  lead,  the  miner  looks  for  the  above  indica- 
tions. Mineral  gravel,  the  existence  of  the  Coscinopora  Sul- 
cata, Goldf.,  is  regarded  also  by  Mr.  Owen  as  indicative  of  the 
presence  of  a  vein  in  the  vicinity. 

The  galena  is  associated  with  blende,  calamine  and  sulphu- 
ret  of  copper.  Instances  occur  when  calamine  displaces  the 
galena  and  becomes  the  principal  mineral  of  the  lode. 

EXTENT  OF  THE  LEAD-BEARING  ROCKS  OF  THE  VITEST. 

§  110.  The  lead  region  comprehends  eighty  townships,  or  two 
thousand  eight  hundred  and  eighty  square  miles,  and  is  about 
one-third  larger  than  the  state  of  Delaware.  The  length  oi 
the  lead  region,  from  east  to  west,  is  eighty-seven  miles,  and 
its  greatest  width,  from  north  to  south,  fifty-four  miles.  The 
produce  of  the  mines  of  the  upper  Mississippi,  exceeds  50,000,- 
000  of  tons  annually,  which  is  probably  less  than  one-half  the 
quantity  this  region  is  capable  of  producing  under  increased 
facilities  and  a  better  system  of  mining. 


LEAD  AND  ZINC  OF  NEW  YORK,  MASSACHUSETTS  AND 

CONNECTICUT. 

§  111.  The  lead  mine  of  South  Hampton,  Massachusetts,  was 
opened  as  long  ago  as  1810.  Its  value  has  never  been  deter- 
mined. The  vein  together  with  the  gangue  is  seven  or  eight 
feet  wide  at  the  surface^  is  vertical,  and  is  included  in  granite. 


K8  AMISKICAN    UEOLOOT. 

This  mine  is  now  being  opened  again,  af\er  having  been  aban- 
iloned  for  thirty  years,  with  some  prospect  of  success. 

Galena  occurs  in  more  than  twenty  places  in  the  old  county 
of  Hampshire,  and  in  veins  which  seem  to  he  well  defined,  hut 
the  low  price  of  lead  has  operated  to  prevent  their  exploration. 
They  all  Iwlong  lo  the  pyrocrystalline  rocks,  and  the  ore  is 
associated  with  pyritoua  copper,  sulph.  of  iron  and  blende, 
together  with  the  rarer  minerals,  sulphate,  carbonate  and  nio- 
lybdate  of  lead.  The  gangue  is  barytes  and  crystallized  quartz. 
The  probability  is,  this  region  is  an  extensive  lead  district 
which  will  one  day  become  imporfant. 

Another  lead  region  has  been  explored  rather  extensively  in 
Ulster,  Sullivan  county.  New  York.  These  mines  are  known 
as  the  Ellenviire,  Ulster  and  Shawangunk  mines.  The 
latter  is  near  Wurtzboroiigh,  in  Sullivan  county.  The  first 
occupies  a  transverse  break  in  the  Shawangunk  grit;  ita  direc- 
tion is  S.  60°  E.  The  mineral  matter  filling  the  fissure  consists 
of  galena,  iron  pyrites,  blende  and  copper  pyrites.  Galena  and 
blende  predominate.     Tbe  gangue  is  quartz. 

The  Ulster  mine  is  near  Redbridge,  upon  a  line  of  fault,  ac- 
cording to  Prof.  Mather,  lying  between  the  grit  and  slate,  the 
Hudson  river  slates  having  been  upheaved. 

The  Shawangunk  mine  occupies  a  fissure  in  the  grit  of  that 
name;  a  rock  which  is  equivalent  to  the  Oneida  conglomerate. 
The  fissure  is  from  two  to  five  feet  wide,  and  was  opened  be- 
tween the  strata,  but  it  shifts  its  dip  in  a  manner  resembling 
somewhat  the  mines  of  Wisconsin.  It  carries  galena,  blonde, 
iron  and  copper  pyrites,  intermingled  with  crystalline  quartz 
which  forms  the  veinstone.  Very  large  masses  of  galena  have 
been  raised  from  this  mine,  one  of  which  weighed  1400  lbs. 
Neither  of  these  mines  have  proved  profitable,  though  they  are 
not  to  be  regarded  by  any  means  as  valueless.  The  galena  of 
the  Shawangunk  mine  is  argentiferous. 

It  will  be  observed  on  reviewing  the  principal  points  respect- 
ing the  geological  position  of  galena,  that  we  find  it  associated 
first  with  the  pyrocrystalline  rocks,  and  second  with  the  paleo- 
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zoic  rocks.  In  the  latter  it  ranges  from  the  calciferous  sand- 
stone to  the  Niagara;  these  extremes  together  with  the  included 
rocks  contain  veins  of  galena.  In  Europe,  especially  in  Eng- 
land, it  extends  upwards  into  the  carboniferous  limestone.  So 
far  as  observations  have  been  made,  this  ore  does  not  occur  in 
veins  in  the  Messozoic  series. 

The  foregoing  facts  sustain  the  doctrine  which  many  distin- 
guished geologists  have  inculcated,  that  metalliferous  veins  are 
productive  and  important  -the  nearer  they  are  to  the  igneous 
rocks,  and  those  districts  which  are  rich  in  metals,  are  traversed 
and  disturbed  by  them.  The  Wisconsin  lead  district,  however, 
is  much  less  dyked  and  disturbed  than  any  other  one  in  this 
country  which  is  equally  rich  and  productive  in  metals. 

ON  THE  EXPENSES  ATTENDING  MINING  OPERATIONS. 

§  112.  It  is  scarcely  necessary  to  observe  that  the  expense  of 
working  a  mine  must  depend  upon  a  variety  of  circumstances, 
and  that  the  e3timate  of  those  expenses  which  will  probably ' 
accrue  in  the  working  of  any  given  mine,  will  not  be  applica^i- 
ble  to  any  other  though  the  actual  amount  of  metal  may  be  the 
same  in  each. 

In  some  cases  a  work  may  be  prosecuted  successfully  with- 
out the  aid  of  gunpowder,  in  others  the  hardness  of  rock  may 
become  excessive  at  certain  depths,  and  trap  dykes  may  cut  off 
a  lode,  and  hence  heavy  expanses  will  be  incurred,  in  recover- 
ing it.  Variability  in  the  hardness  of  rocks  is  one  of  the  prin- 
cipal causes  of  the  difference  of  expense  in  working  mines 
which  belong  to  the  same  rock  or  formation. 

Mining  operations  embrace  three  kinds  of  work — shafting, 
tunneling  and  stoping.  Shafts  are  right-angular  cuts  into  the 
soil  and  rock,  in  which  respect  they  differ  from  wells.  They 
may  be  perpendicular  or  inclined.  They  are  necessarily  per- 
pendicular if  the  lode  is  vertical;  they  may  be  inclined  and 
sink  upon  an  inclined  lode  to  great  advantage  by  employing  a 
proper  apparatus  for  elevating  the  mineral.     But  they  are  more 
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frequently  vertical,  and  sunk  at  a  distance  from  the  outcrop  of 
the  vein  so  as  to  intersect  it  at  any  jjiven  depth  which  may  be 
desirable.  To  do  this  it  is  necessary  to  ascertain  in  what  direc- 
tion and  how  much  the  vein  dips,  or  in  other  words,  bow  many 
feet  the  vein  makes  on  the  dip  side  in  any  given  number  of 
vertical  feet.  Thus  a  vein  may  make  to  the  west  seven  feet 
horizontally  in  seventeen  vertical  feet.  It  is  easy  from  these 
facts  to  calculate  how  far  west  from  the  outcrop  the  shall  must 
be  sunk  to  intersect  the  vein  at  one  hundred  or  two  hundred 
feel;  and  so  of  any  other  ratio  which  the  vertical  plane  may 
beur  to  Ibe  inclined  one.  It  is  to  be  borne  in  mind  that  a  very 
flat  vein,  as  has  been  already  observed,  will  become  steeper  as 
it  descends.  In  very  flat  veins,  therefore,  calculations  of  this 
kind  can  not  be  relied  upon  until  the  vein  has  reached  its  maxi- 
mum dip. 

Tunnels  or  drifts  are  horizontal  cuts  into  the  earth  or  rocks. 
They  may  be  designed  both  for  conveying  outwards  the  mineral 
and  for  drainage.  In  that  cuse  they  are  made  from  the  outside, 
or  bef;in  on  a  slope  ami  ar*'  worked  inward;!,  or  ihey  mny  pro- 
ceed from  a  shaft  to  a  lode  which  lies  upon  one  side  of  it. 

Stoping  is  a  term  applied  to  that  kind  of  work  by  which  the 
vein,  or  its  metal.  Is  removed  from  its  bed.  The  most  econo- 
mical way  is  to  stope  from  benesth  upwards.  The  dead  rock 
is  readily  disposed  of,  and  placed  so  as  to  save  the  expense  of 
raising  it  to  the  surface,  and  at  the  same  time  aid  in  supporting 
the  walls.  The  arrangements  for  stoping  should  be  such  that 
several  gangs  of  miners  may  be  employed  in  taking  down  the 
vein  at  ditFertnt  levels  at  the  same  time.  In  ihis  case  they  will 
be  arranged  generally  in  a  series  of  steps,  one  above  another. 
The  cost  of  a  shaft  seven  feet  by  five,  and  sixty  feet  deep  will 
not  be  less  than  two  dollars  and  a  half  per  foot.  If  sunk  to 
one  hundred  feet,  it  will  not  be  less  than  four  dollars  per  foot 
A  windlass  will  answer  for  the  purpose  of  raising  rock  and 
earth  for  the  first  sixty  feet,  but  a  whimsey,  or  whim,  is  more 
economical  below  that  depth.  The  apparatus  for  raising  the 
rock  and  water,  however,  must  depend  very  much  upon  cir- 
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cumstances.  If  it  is  a  trial  shaft  merely,  and  the  vein  is  of  a 
doubtful  character,  it  will  not  be  prudent  to  incur  the  expense 
of  a  whimsey  until  after  the  vein  has  been  proved  to  a  certain 
extent 

Other  expenses  are  incurred  in  mining  operations  before  the 
mineral  is  ready  for  smelting,  besides  those  which  attend  the 
shafting,  tunneling  and  stoping.  Almost  all  ores  require  roast- 
ing in  order  to  fit  them  for  stamping.  There  are,  therefore, 
three  operations,  at  least,  to  which  the  ore  must  be  subjected 
to  fit  it  for  smelting,  viz:  assorting,  roasting  and  stamping  or 
crushing.  Passing  by  the  expense  of  assorting,  as  this  must 
be  the  most  variable  of  the  three,  and  can  not  be  calculated 
before  trial,  I  proceed  to  state  the  expense  of  roasting  and 
crushing  a  given  amount  of  iron  ore.  The  roasting  is  per- 
formed in  kilns  of  a  simple  construction. 

One  kiln,  containing  107  tons  of  ore,  will  cost: 

L  For  mining,  fifty  cents  per  ton, 

2.  Five  cords  of  wood,  two  dollars  per  cord, 

3.  Teaming  one  hundred  rods, 
4  Labor  for  filling  the  kiln. 


$63-60 
1000 
11-60 
16-00 


In  the  case  of  iron,  there  is  usually  the  expense  of 
separating  the  rock  from  the  ore,  which  is  effected 
either  by  magnets  or  by  washing.  If  the  first  method 
is  adopted,  the  expense  will  amount  to 

1.  6  men,  2|  days  in  crushing,  one  dollar  per  day, 

2.  1  eno;ineer,  2|  days,  at  $2*00  per  day, 

3.  1  assistant,  1      "  1-60 

4.  1  machinist,  2*60 
6.  1  man,                **  1*26 

6.  3  men,  «  1-00 

7.  1  boy,  "  50 


$91-00 


16-50 


it 

i€ 
t€ 
i€ 
i€ 


8.  10  cords  of  wood  for  engine. 
Total  cost,* 


40-42 
20-00 

■"■■■■■^■■^ 

1167-92 


*  Sudford  mine,  EtMx  eountjr,  N.  T.,  Lot  31. 
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Tbere  will  also  be  a  loss  ot  ten  tons  in  shrinkage,  nhich  will 
leave  only  ninety -seven  tons  of  ore  after  it  has  passed  through 
the  several  operations.  As  separated  ore  is  now  selling,  this 
will  be  worth  $253  00 

Phosphate  of  lime  saved,  worth  125  00 

The  allowance  for  loss  in  separating  by  water  is  about 
twelve  tons  per  one  hundred. 


VALUE  OF  THE  MINING  PROPERTY  IN  CERTAIN  STATES 

OF  THE  ONION. 
^  lia.  The  country  is  not  wanting  in  a  class  of  persons  who 
decry  mining  enterprises  and  pronounce  all  attempts  for  develop- 
ing its  mineral  wealth,  schemes  more  fraught  with  expectation 
than  with  reasonable  prospects  of  fruition.  This  class,  though 
wealthy,  never  invest  their  means  or  their  money  in  mines. 

There  is  another  clas^  who  may  be  equally  unbelieving  in 
the  real  value  of  mineral  property,  yet  are  ready  to  plunge  ioto 
any  scheme  or  project  in  which  there  is  enough  to  make  a  bub- 
ble, something  which  may  l>e  inflated  into  consequence.  This 
class  of  men  have  little  to  lose,  and  being  reckless  in  represent- 
ation, are  ready  to  avail  themselves  of  such  arts  as  are  neces- 
sary to  advance  their  unrighteous  schemes. 

There  is  also  a  third  class,  who  look  at  matters  in  a  different 
light.  They  are  satisfied  that  there  are  valuable  mines,  and 
moreover,  they  look  at  the  world  as  progressing  in  the  arts,  and 
requiring  every  day  for  its  progress,  the  wealth  which  is  con- 
cealed, except  to  the  eye  of  science,  in  the  bowels  of  the  earth. 
They  see  that  for  years  to  come,  the  increased  wealth  of  the 
nation  is  to  be  drawn  from  this  great  storehouse.  They  are  dis- 
posed to  invest  their  money  in  this  kind  of  property,  and  to  be 
content  with  the  fair  gains  of  the  business.  They  are  aware 
that  it  is  not  without  its  risks,  but  to  diminish  them  resort  to 
all  the  means  which  may  be  necessary,  in  each  particular  case, 
to  secure  a  successlul  result. 
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The  course  pursued  by  the  second  class  has  been  so  notorious, 
as  to  gire  character  to  mining  enterprises,  and  to.  invest  them 
with  a  suspicious  appearance. 

I  have  not  space,  however,  to  follow  up  this  subject.  My 
principal  object  now,  is  to  state,  very  briefly,  the  value  of  some 
kinds  of  the  mining  property  of  our  country,  for  the  purpose  of 
placing  the  subject  in  a  prominent  light,  and  thereby  show  that 
it  is  for  its  interest  to  foster  and  encourage  all  mineral  enter- 
prises which  are  undertaken  in  a  proper  spirit 

The  time  is  not  far  distant  when  mining  will  form  one  of  the 
great  industrial  pursuits  of  the  countr}*.  Every  blow  of  the 
pick,  and  every  gunpowder  blast,  will  add  their  farthings  to  the 
common  wealth  of  the  nation,  for  every  pound  of  -copper  or 
iron  is  a  real  addition  to  its  resources. 

L  Northern  New  York.  The  net  proceeds  per  annum,  which 
may  be  realized  from  the  ores  of  iron  in  northern  New  York, 
will  pay  the  interest,  at  seven  per  cent,  on  $3,000,000. 

The  mines  at  Adirondack  have  just  been  sold  for  $500,000, 
a  sum  much  below  their  real  value.  The  Sandford  ore  bed  in' 
Essex  county,  can  not  be  estimated  at  much  less  than  $600,000. 
At  this  mine,  from  two  pits  alone,  21  and  23,  200  tons  of 
ore  per  day  have  been  raised  at  a  cost  not  exceeding  fifty  cents 
per  ton;  and  which,  when  crushed  and  separated,  yields  from 
five  to  fifteen  tons  of  phosphate  of  lime  per  one  hundred  tons 
of  ore,  which  is  worth  on  the  ground  twenty  dollars  per  ton, 
and  twenty-five  to  thirty  dollars  in  New  York. 

There  remain  the  Clintonville  and  the  Saranac  iron  districts, 
together  with  inexhaustible  quantities  of  the  specular  ore  in 
Jefferson  and  St  Lawrence  counties,  and  the  magnetic  ores  of 
the  Highlands. 

2.  Pennsylvania  furnishes  an  amount  of  iron  which  may  be 
estimated  at  $5,000,000,  annually. 

3.  Missouri,  from  the  Pilot  and  Iron  mountains  b  capable  of 
furnishing  as  much  iron  as  any  part  of  the  worjd.  Situated  in 
the  great  valley  of  the  Mississippi,  its  value  can  scarcely  be 
overrated. 
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4  The  iron  mountains  of  lake  Superior  are  equally  as  rich 
as  northern  New  York.  There  are  some,  perhajK,  who  may 
regard  this  comparison  as  unjust  to  lake  Superior;  but  it  must 
not  he  forgotten  that  one  mine,  the  Sandford  Lake  mine,  is  be- 
tween six  and  seven  hundred  feet  thick.  A  square  yard  of  ore 
weighs  four  tons. 

5.  Maryland,  Virginia  and  North  Carolina  possess  inexhaust- 
ible supplies  of  iron  ore,  which  are  mostly  the  hydrous  perox- 
ides of  iron.  The  hematites  of  Vermont,  eastern  New  York, 
are  very  extensive. 

6.  The  brown  ores  of  iron  in  the  south-western  counties  of 
North  Carolina,  and  in  eastern  Tennessee,  are  immense. 

A  mineral  so  important  as  iron  should  be  widely  distributed, 
and  it  appears  that  in  the  United  States,  every  important  sec- 
tion is  supplied  with  it.  The  largest  section  or  formations 
which  are  destitute  of  the  ores  of  iron  and  of  the  metals,  are 
the  Cretaceous  and  Tertiary,  which  skirt  the  Atlantic  coast  and 
which  form  our  great  basins  and  valleys.  So  also,  the  Silurian 
and  Devonian  systems  are  in  a  great  measure  destitute  of  iron 
ores,  with  the  exception  of  the  argillaceous  and  oolitic  ores  of 
iron  of  the  Clinton  group. 

7.  I  have  already  spoken  of  the  value  ot  the  lead  ores  of 
Wisconsin,  Missouri  and  Iowa.  The  highest  estimate  which  1 
have  noticed  of  the  probable  productive  capacities  of  the  lead 
region,  is  from  one  hundred  to  one  hundred  and  lif)y  millions  of 
pounds  annually,  having  already  reached  that  of  fifly  millions 
under  unfavorable  circumstances. 

8.  The  production  of  copper  is  in  its  infancy.  It  is  too  early 
to  attempt  to  determine  the  value  of  its  mines,  and  yet  the  lake 
Superior  copper  district  has  already  produced  two  thousand  tons 
in  a  single  year.  The  value  of  the  copper  which  has  been 
produced  equals,  at  twenty-five  cents  per  pound,  $2,700,000. 
The  copper  region  which  ranks  next  in  value  is  in  North  Caro- 
lina. It  has  been  referred  to.  The  ore  is  the  yellow  sulphu- 
ret;  the  country  is  far  better  adapted  to  mining  than  that  of 
lake  Superior.     Indeed,  it  is  of  all  others  the  best,  whether  we 


VALUE   OF   MINING   PROPERTY.  189 

• 

consider  its  climate^  its  means  of  sustaining  a  mining  popula* 
tion  at  a  cheap  rate,  or  the  production  of  timber  for  shafting, 
tunneling,  fuel  etc.  We  do  not  yet  know  the  real  extent  and 
value  of  its  copper  ores,  but  we  have  not  the  least  doubt  of  the 
ultimate  success  of  its  copper  mines. 

It  is  not  to  be  expected,  however,  that  one-quarter  of  the 
veins  which  are  now  being  tested  will  prove  to  be  mines. 
Even  if  one  in  ten  turn  out  well.  North  Carolina  will  become 
one  of  the  richest  mining  districts  in  the  Union. 

The  resources  in  copper  in  Tennessee  are  also  remarkable, 
and  particularly  so  as  several  mines  became  productive  from 
their  first  trials.     I  allude  to  those  of  Ducktown. 

9.  Although  gold  has  been  obtained  in  considerable  quanti- 
ties  for  half  a  century,  still  the  mines  and  deposits  have  not 
been  worked  in  a  systematic  manner.  Gold  mining  operations 
have  been  conducted  in  the  loosest  manner.  Present  and  im- 
mediate gains  have  been  sought  for,  and  hence  no  permanent 
works  have  been  erected,  except  in  a  very  few  instances. 
Within  the  last  two  years,  more  system  and  more  capital  have 
been  employed,  and  a  better  and  more  consistent  view  is  now 
taken  of  gold  mining,  and  the  prospect  is  becoming  daily  more 
favorable  to  the  enterprise.  North  Carolina  is  the  center  of  the 
gold  region,  and  will  rank  in  value  next  to  California.  There 
are  no  accurate  returns  for  the  amount  of  gold  North  Carolina 
has  furnished.  Of  the  gold  of  California,  the  estimated  pro- 
duction  is  less  than  the  actual.  The  Hon.  T.  Butler  King  esti- 
mated it  for  1848-9,  at  $40,000,000. 

10.  Our  plaster,  salt,  marble,  granite  and  freestone,  form 
other  large  items  of  mineral  yrealth  with  which  the  United 
States  abound.  In  the  list  of  mineral  property,  mineral  springs 
should  not  be  forgotten.  They  administer  to  the  health  of  the 
people. 

11.  The  only  mines  of  quicksilver  which  are  now  known  in 
the  United  States,  are  situated  in  Santa  Clara,  twelve  miles 
from  San  Jose,  in  California.  It  is  found  in  bunches  in  ferru- 
ginous clay,  forming  in  part  a  hill  1360  feet  above  tide.     It  is 
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associated  with  broken  down  magnesian  rocks.  The  deposit 
is  large,  but  no  accurate  returns  of  the  yield  of  quicksilver 
have  been  published.  The  mine  is  being  worked  in  a  system- 
atic manner. 

We  have  no  mines  of  tin,  properly  speaking. 

I  have  said  nothing  of  coal.  It  is  almost  impossible  to 
measure  or  weigh  in  calculation  its  amount.  But  President 
Hitchcock  observes  truly,  that  the  whole  amount  in  solid  mea- 
sure, of  the  coal  in  the  United  States,  equals  at  least  3,600,000 
square  miles. 

When  it  is  considered  that  our  country  is  destined  to  support 
its  hundreds  of  millions  of  souls,  that  its  fleets,  its  mines,  its 
manufactures,  its  locomotives  and  the  domestic  firesides  must 
depend  upon  its  mineral  fuel,  and  when  we  also  estimate  the 
vastness  of  our  resources  in  the  mineral  kingdom,  we  can  not 
but  see  that  everything  necessary  for  prosperity  has  been  pro- 
vided with  the  most  liberal  hand,  and  on  the  most  gigantic 
scale;  and  has  moreover  been  so  distributed  as  to  accommodate 
the  many  and  the  most  distant  parts  of  the  Union.  There  can 
be  no  centralization  of  products  and  resources,  so  as  to  confer 
a  preponderating  influence  on  a  few  favored  sections  of  the 
Union,  in  the  south  or  in  the  north.  But  enterprise  and  indus- 
try may  create  any  where  a  prosperous  community  by  availing 
itself  of  those  natural  inineral  and  manufacturing  resources 
which  are  provided  throughout  the  land.  Where  these  do  not 
exist,  agriculture  comes  in  to  supply  the  necessary  elements  of 
prosperity.  Nature  had  no  sectional  favors  to  dispense  when 
she  grew  the  coal  plant  for  nine  hundred  miles  from  north  to 
south,  and  more  than  a  thousand  miles  from  east  to  west,  ex^ 
tending  over  an  area  of  a  million  of  square  miles,  and  at  the 
same  time  distributed  her  iron  and  other  metals  still  more 
widely;  to  say  nothing  of  the  lands  and  mineral  productions 
upon  the  Pacific  slope. 

Although  I  have  not  pretended  to  present  a  statistical  account 
of  our  mineral  resources,  and  what  is  recorded  in  the  foregoing 
paragraphs   is   exceedingly   meagre   and   unsatisfactory,  still 
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enough  has  been  said  to  prove  that  our  mining  interests  are  to 
become  one  of  the  great  sources  of  wealth,  and  that  the  real 
additions  to  the  wealth  of  the  nation  is  hereafter  to  be  largely 
derived  from  its  mines  and  quarries. 


STATICS  AND  DYNAMICS  OP  GEOLOGY.— CONCLUSION. 

§  114.  Geologists  have  often  employed  the  phrase,  ^^  The 
Dynamics  of  Geology, ^^  which,  if  it  is  appropriate,  has  its 
counter  phrase^ "  The  Statics  of  Geology  J'  The  first  compre- 
hends all  that  relates  to  the  processes  which  are  productive  of 
change;  the  latter,  all  that  relates  to  the  rocks  and  formations 
as  they  are,  without  regard  to  the  cause  or  causes  which  have 
been  influential  in  the  development  of  their  present  condition. 

Statical  geology  stands  first  in  the  order  of  time;  it  is  de- 
scriptive in  its  objects  and  ends,  and  contains  a  record  of  the 
phenomena  which  they  exhibit. 

When  statical  geology  was  wholly  neglected,  dynamical  ge- 
ology was  ridiculous  and  absurd.  Indeed,  it  is  impossible  to 
construct  the  dynamics  of  the  science,  without  first  perfecting 
the  statics.  The  dynamics  of  our  principal  mountain  ranges 
will  be  better  understood  when  their  statics  have  been  more 
thoroughly  studied.  The  dynamics  of  our  great  system  of  lakes 
seem  to  point  to  diluvial  action  as  a  cause,  but  we  require  more 
facts  before  that  theory  can  be  established.  If  our  dynamics 
do  not  grow  out  of,  or  legitimately  follow  from  our  statics,  we 
are  likely  to  beget  error  rather  than  truth.  If,  on  the  contrary, 
the  dynamics  grow  out  of  our  statics,  truth  is  begotten,  and 
geology  becomes  an  inductive  science. 

The  dynamics  of  geology  have  too  often  been  formed  or  con- 
structed from  what  may  be  termed  the  possibles.  It  is  evident, 
however,  that  they  can  not  be  true  because  they  are  possible; 
it  only  saves  them  from  absurdity.  The  truth  of  our  dynamics 
is  to  be  tested  by  their  ccmformity  to  the  statics  of  a  region  in 
each  particular  case. 

As  an  instance  illustrative  of  this  kind  of  error,  I  may  cite 
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the  ingeirfouaAxpl!) nations  which  were  oSered  to  explain  the 
easterly  dipping  of  the  qilartz,  limestone  and  slate  rocks  of 
Berkshire,  Mass.,  beneath  the  gneiss  of  the  Hoosick  mountain. 
But  this  does  not  exist  iaimediately  adjacent  to  the  range;  there 
is  a  synclinal  axis,  the  dip  being  westerly  and  from  the  range. 
The  error  in  the  dynamics  arose  from  having  determined  the 
statics  only  in  part. 

Among  the  points  in  statical  geology  which  altmys  require 
considerate  attention,  is  the  derivation  of  the  materials  compos- 
ing a  formation  or  mass,  when  mica  and  talc  "enter  into  their 
composition.  In  cases  when  those  minerals  compose  a  rock,  we 
might  infer  that  it  was  metamorphic;  especially  when  they 
exist  in  large  proportions.  But  such  a  conclusion  becomes 
doubtful  if  other  facts  in  the  statics  of  those  rocks  are  wanting; 
for  mica  and  talc  from  the  form  of  their  particles,  and  the 
nature  of  their  constitution,  reproduce  the  same  lithological 
masses  as  those  from  which  they  were  derived.  Hence  it  is 
certainly  safe  to  be  cautious  in  pronouncing  a  rock  raetamor'- 
phic  when  composed  of  mica  and  talc. 

There  are  three  kinds  of  forces  which  are  recognizable  in 
the  earth's  crust;  physical,  chemical  and  biological.  The  first 
leaves  its  imprint  upon  its  masses,  and  from  those  imprints  its 
nature  and  its  degree  are  inferential. 

The  second  furnishes  results  generally  complete,  and  activity 
is  rather  inferential,  and  our  conlusions  must  be  based  upon  our 
knowledge  of  chemical  principles,  and  the  known  mutual  action 
of  bodies  upon  each  other.  Chemical  forces  must  frequently 
give  origin  to  the  physical,  and  they  no  doubt  become  the 
source  of  some  of  the  most  energetic  of  this  class  of  operations. 

The  third  is  entirely  passive,  leaves  no  mechanical  impress, 
but  they  leave  memoriab  of  the  highest  moment.  Biolc^ical 
forces  are  entirely  passive  when  put  in  conflict  with  the  dyna- 
mical and  chemical,  and  always  yield  to  their  movements. 

It  is  in  the  construction  of  the  globe  that  these  forces  are 
to  be  studied,  and  it  is  here  that  the  conditions  are  revealed 
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under  which  nature  has  elaborated  the  great^  of  her  works » 
concerning  which  she  invites  our  serious  inquiries. 

We  must  also  consider  that  the  conditions  or  the  medium  in 
which  all  beings  have  lived,  whether  belonging  to  the  palaeozoic 
or  kainozoic  life,  for  the  time  being  must  have  been  in  harmony 
with  their  organization.  In  what  manner  or  how  this  harmony 
was  interrupted,  so  as  to  result  in  the  extinction  of  successive 
faunas,  reoHiins  one  of  the  profoundest  problems  for  geology  to 
solve. 

We  have  already  passed  that  incipient  period  in  geology 
when  the  mind  follows  its  inherent  propensity  to  inquire  after 
causes  instead  of  the  laws  of  phenomena.  Like  all  other  sci- 
ences, its  history  illustrates  this  propenaty  in  a  remarkable 
manner.  Its  records  show  its  attempts  to  obtain  at  a  single 
leap  the  origin  of  the  structure  of  the  globe,  without  the  trouble 
of  acquiring  facts.  The  inquiry  after  causes,  however,  need 
not  be  discouraged.  Who  can  doubt  the  legitimacy  and  use  of 
such  inquiries,  when  we  find  the  tendency  of  the  human  mind 
inclined  so  strongly  in  that  direction?  What  is  to  be  discour- 
aged are  the  attempts  to  leap  the  wall  at  a  single  bound.  We 
are  to  climb,  and  the  steps  are  to  be  cut  by  labor.  Proceeding 
in  this  way,  even  the  essential  nature  of  things  may  be  opened 
before  us.  And  who  shall  forbid  inquiries  into  the  essential 
nature  of  spirit?  Step  by  step  we  climb  the  ascending  path- 
way. Light  gleams  up  in  the  distance.  The  essence  of  cause, 
the  essence  of  God  may  faintly  illume  the  horizon  of  our  pros- 
pects.   It  is  the  goal  of  man's  hopes  and  aspirations. 
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THE  TACONIC  SYSTEM, 


PRELIMINARY  OBSERVATIONS. 

§  1.  We  are  now  prepared  to  engage  in  that  part  of  American 
Geology  which  treats  of  the  sediments.  It  comprehends  the 
third  division  in  the  proposed  classification,  the  hydrojdastic 
rocksy  or  those  which  have  been  laid  down  in  and  moulded  by 
water.  They  usually  contain  in  themselves  the  evidence  of 
their  origin.  Their  component  particles  have  been  rounded  by 
attrition.  There  are  exceptions,  however,  to  the  rule,  but  even 
in  those  masses  which  are  exceptions,  they  are  so  connected 
with  those  that  are  made  up  of  sediments  that  we  need  not  be 
led  into  error  in  their  determination.  The  attestation  of  their 
origin  by  pebbles  is  usually  confirmed  by  the  presence  of  fossils. 
Fossils  may  be  contained  in  the  pyroplastic  rocks  in  conse- 
quence of  their  having  overlSowed  those  places  where  they 
were  collected  upon  the  surface;  but  such  instances  are  com- 
paratively rare,  and  speak  for  themselves.  Neither  fossils  nor 
pebbles  are  ever  found  in  either  division  of  the  pyroplastic 
rocks. 

The  deposition  of  sediments  has  been  in  progress  without 
interruption  since  water  began   to  accumulate   in  seas  and 
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oceans.  This  accumuiati'ni  has  nut  progressed  at  a  uniform 
rate,  neither  have  the  same  areas  been  nnder  the  dominion  of 
water  during  this  entire  perioil.  Oscillations  of  land  have 
often  oceurreti,  so  that  in  fact  the  oceans  may  be  said  to  have 
traTeled  sometimes  to  the  east  ami  sometimes  to  the  wesi,  but 
moving  in  obedience  to  those  subterranean  forces  of  which  I 
have  already  spoken. 

These  movements  are  indicative  of  stages  in  geologic  time. 
They  seem  to  have  often  been  paroxysmal,  and  lo  have  been  ibl- 
lowed  by  periods  of  repose,  during  which  Bediraenta  accumu- 
lated quietly  upon  the  ocean's  bollora. 

The  sequence  in  which  the  sediments  have  followed  each 
other,  has  been  an  important  geological  problem.  The  best 
evidence  of  sequence  or  the  order  in  lime  in  which  rocks  have 
been  deposited,  is  superposition,  or  the  association  of  the  frag- 
ments of  the  older  with  the  newer  rocka.  Succession  is  often 
indicated  when  the  overlying  ma&s  uontains  the  materials  of  the 
older  or  inferior  rock.  Sedimentary  rocks  are  the  only  ones 
which  are  stratified,  stratification  implying  a  succession  or 
accumulation  of  materials  under  waler,  which  are  spread  out 
in  thin  strata  over  the  oct'an  bottom  by  the  saciie  agent.  Uil- 
ferent  strata  are  indicated  by  the  different  materials  received 
from  the  land.  Sediments  require  to  be  studied  with  reference 
to  their  kinds,  their  source,  their  texture,  the  rapidity  of  their 
accumulation,  and  the  lime  they  were  forming,  and  their  order 

The  tirst  two  will  give  us  information  as  to  the  direction  in 
which  the  land  lay  which  furnished  the  sediments;  the  third 
the  probable  distance  they  were  transported;  the  fourth,  with 
information  respecting  the  force  and  rapidity  of  the  transport- 
ing streams  and  currents,  and  the  probable  existence  of  floods 
alternating  ivith  drouths.  Sediments  are  measuring  lines,  all 
things  being  equal;  they  reachinto  past  time  directly  according 
to  their  thickness.  The  table  of  arran;^roent  of  rocks  shows  that 
tlie  older  sediments  are  thicker  in  their  periods  and  stages  tlian 
the  new.     Comparing  the  Pala'ozoic  with  the  Kainozoic  sedi- 
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raenls,  the  disparity  is  immense.  The  divisional  lines  of  the 
great  triads  of  past  time,  as  measused  by  the  sediments,  show  a 
rapidly  diminishing  rate  from  the  bottom  to  the  top.  The  base 
is  immensely  spread  out  in  the  Taconic  system,  but  the  systems 
converge  rapidly  from  the  carboniferous,  as  if  in  the  long  pre- 
paratory stages  for  man's  entrance  upon  the  scene  of  earth's 
conflicts,  nature  had  become  impatient,  hastened  the  later 
periods  to  their  ends  by  crowding  the  greatest  events  into 
smaller  spaces. 

§  2.  But  it  is  not  with  sediments  only,  that  the  geologist  has 
now  to  deal.  In  the  sediments  are  the  vestiges  of  life.  Since 
the  sediments  began  to  collect,  we  know  that  this  new  element 
was  introduced  upon  the  globe.  But  life  does  not  seem  to  have 
begun  with  the  sediments,  for  they  appear  to  have  been  accu- 
mulating for  immense  periods  before  we  find  even  traces  of  it 
in  their  beds.  The  precise  time  is  not  yet  determined,  but  it 
appears  now  that  it  was  clothed  in  a  humble  dress,  that  it 
began  in  the  lowest  rank  both  in  vegetables  and  animals,  and 
that  they  began  simultaneously  and  as  occupants  only  of  the 
seas. 

Sediments,  are  distinctly  separated  from  the  massive  and 
laminated  igneous  rocks,  and  the  line  of  demarkation  is  well 
defined.     We  have  therefore  a  distinct  sedimentary  base. 

§  3.  Life,  beginning  in  the  sediments,  has  also  a  base  which 
is  termed  the  palaozoic  base.  The  use  of  this  term  seems  to 
imply  that  there  is  also  another  base,  but  it  means  simply,  the 
period  when  life  first  appeared  upon  the  earth.  Virtually, 
however,  we  may  work  instructively  from  a  mesozoic  or  a 
kainozoic  base;  for  in  either  case,  it  is  possible  to  make  com- 
parisons of  the  organisms  in  their  aggregate  belonging  to  either 
of  those  divisions.  It  is  well  established  by  observation  that 
the  organisms  preserved  in  each  of  these  grand  divisions  differ 
on  a  whole  from  each  other. 

Sediments,  taken  in  conjunction  with  life,  are  the  elements  of 
our  knowledge  of  geologic  time,  or  the  events  which  occurred 
long  prior  to  the  historic  era.     Since  the  historic  era,  events 
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strictly  geological  have  been  recorded  with  the  passing  events 
of  the  day.  But  the  evenis  prior  to  history  are  recorded  only 
in  the  physical  phenomena  in  the  earth's  crust.  Their  inter- 
pretalion  is  the  highest  duty  of  the  geologist.  As  an  illus- 
tration of  interpretation  of  phenomena  we  may  cite  the  occur- 
rence of  volcanic  dust  as  interpolated  tn  beds  among  the 
sediments;  or,  the  flexures  and  wrinkling  of  strata,  the  first 
showing  the  activity  of  volcanic  forces  in  past  time  similar  to 
ihat  of  our  own,  the  latter  also  of  earthquake  movements, 
differing  in  no  respect  in  kind  from  those  of  the  present.  The 
course  of  nature  therefore,  in  the  long  run,  has  been  uniform.  It 
has  been  governed  by  the  same  laws  in  the  remote,  ss  in 
recent  times.  Life,  it  is  well  known,  does  not  admit  of  wide 
deviations  from  certain  normal  conditions  of  the  earth's  atmo- 
sphere or  its  waters.  The  limits  within  which  the  integrity  of 
vital  forces  can  be  maintained,  are  within  narrow  bounds. 
Hence,  its  frequent  interruption.  The  types  of  animal  and 
vegetable  life  are  few,  and  however  protracted  time  has  been  in 
the  past,  they  have  never  been  increased  since  ihf  miiidle  of  the 
Silurian  system  was  laid  down. 

Perturbations  of  the  earth's  crust  are  cotemporaneous  with  the 
changes  in  the  organic  world;  they  seem  to  mark  the  outgoing 
and  incoming  of  the  geologic  periods.  The  systems  are  par- 
ticularly indicated  by  physical  changes.  Hence  the  outgoing 
of  organic  forms  are  connected  together  as  cause  and  effect 
with  the  perturbations  of  the  earth's  crust.  We  are  not,  how- 
ever, to  carry  this  doctrine  'too  far;  facts  seera  to  show  that 
many  species  survive  a  perturbation,  and  in  historic  limes  spe- 
cies have  become  extinct  from  causes  which  can  not  be  traced 
to  perturbations  of  the  earth's  crust. 

The  sediments  with  their  organisms  is  a  richer  field  for 
thought  than  the  pyrocryslalline  masses.  The  former,  it  has 
been  aptly  said,  contain  the  medals  of  creation. 
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OF  THE  OLDEST  SEDIMENTS.  COLLECTIVELY  THEY  FORM  THE 
TACONIC  SYSTEM.  ITS  BASE,  AND  THE  ORDER  OF  INVESTIGA- 
TION, ETC. 

§  4.  My  first  business  is  to  sketch  a  picture  of  the  oldest  of 
the  sediments,  as  they  are  exhibited  in  a  series  which  collect- 
ively constitute  the  Taconic  system,  and  as  it  is  developed  in 
the  Taconic  ranges  of  Berkshire  and  the  adjacent  country  imme- 
diately north  and  south.  It  is  of  the  first  importance  to  state 
the  constitution  of  the  masses,  and  to  connect  therewith  a  state- 
ment of  their  relations,  as  they  appear,  in  the  order  of  their 
sequence,  taking  occasion  also  to  make  such  comparisons  with 
other  systems,  as  the  nature  of  the  facts  and  phenomena  require. 

The  natural  order,  and  the  one  which  should  be  followed,  is 
to  begin  at  the  base.  We  then  follow  up  the  series  in  the  order 
of  events.  It  is  impossible  to  work  down  to  a  base;  certainly 
such  a  course  deprives  us  of  a  continuous  narrative;  it  would 
be  like  reading  American  history  backwards — beginning  with 
Franklin  Pierce  and  going  back  step  by  step,  to  George  Wash- 
ington and  the  events  of  the  Revolution. 

The  Taconic  system  has  a  clear  and  well  defined  base,  which 
is  rarely  obscured  by  passages  into  the  primary  schists,  the 
pyroplastic  rocks,  sienites  or  granites.  We  have  no  interme- 
diates, and  no  masses  which  may  not  be  distinguished,  either 
by  their  composition,  or  their  relations  to  conglomerates  and 
pebbly  beds,  the  invariable  characteristics  of  sediments.  It 
appears  therefore,  that  we  are  justified  in  the  conclusion,  that 
when  the  base  of  this  system  was  laid  down,  water  bad  become 
an  established  element  upon  the  face  of  the  globe,  not  subject 
to  dissipation  in  vapors  by  excessive  heat  of  its  crust,  for  the 
pebbles  in  the  rocks  exhibit  an  attrition  similar  to  what  takes 
place  upon  our  shores  at  this  day.  If  my  views  are  correct, 
and  I  have  endeavored  to  sift  them  of  error,  we  can  go  back  po 
farther;  wc  have  no  older  sediments.     When,  in  1836,1  deter- 
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mined  that  in  New  York,  the  Polsdara  sandstone  was  the  base 
of  .the  Silurian  system,  it  seemed  that  we  had  at  ihat  lime,  the 
base  of  the  sediments;  but,  when,  Iwo  years  subsecjiiently,  1  had 
observed  the  same  base  resting  on  sediments  still  older,  as  those 
along  the  eastern  side  of  Champlain  and  elsewhere,  it  became 
evident  that  there  was  still  a  series  older  than  the  Silurian.  The 
proof  of  this  has  been  accumulating  ever  since;  and  the  Taconic 
system  is  found  lo  rest  upon  primary  rocks  without  an  exception ; 
and  it  has  now  been  observed  through  the  whole  length  of  the 
states,  from  N.  E,  to  S.  \V.  It  is  worthy  of  note,  that  through 
this  whole  extent,  the  base  is  continuous.  The  most  northeasterly 
point  at  which  1  have  observed  this  system,  is  at  the  Vox  Islands, 
off  the  coast  of  Maine;  but  I  have  good  reason  to  suspect  its 
existence  in  Newfoundland.  If  so,  it  ranks  among  the  most 
persistent  geological  formations  of  this  country, 

§  6.  The  evidence  of  the  existence  of  a  system  of  rocks,  be- 
neath and  older  than  the  Silurian  system  in  this  country,  rests 
on  many  well  determined  facts.  These  facts  are  not  alt  of  equal 
importance;  but  those  which  are  not  direct  serve  lo  corroborate 
and  sustain  those  which  are.  The  facts  which  bear  directly 
upon  the  evidence  alluded  to  are  superposition,  BUCceK:iion,  un- 
conformability  and  the  presence  of  fossils  dislijicl  from  those  of 
the  Silurian  system.  Those  which  corroborate  and  sustain  the 
independent  existence  of  the  system  are,  a  thickness  greatly 
superior  to  the  Silurian  system,  an  arrangement  of  its  masses 
quite  different  from  the  latter,  and  the  absence  of  fossils  where 
they  should  exist,  provided  there  is  a  correlation  of  the  two 
series.  The  foregoing  views  will  appear  more  conclusive  wlicn 
we  lake  into  account  the  fact  that  the  lower  Silurian  rocks  of 
this  country,  consist  of  well  determined  inetniiers  through  their 
whole  extent;  they  are  arranged  in  a  determinate  order,  and 
hence  are  more  easily  recognized  by  their  fossils,  anti  also  by 
their  lilhological  characters.  The  lower  limestones,  it  is  true, 
are  not  eminently  rich  in  fossils  at  every  location,  hut  they  may 
be  discovcretl  by  careful  search,  and  moreover  the  true  talcifer- 
ous  area,  if  wanting  in   fossils  at  any  given  place,  is  readily 
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known  by  its  relations.     The  present  advanced  state  of  the  sci- 
ence requires  of  the  geologist  no  better  evidence  of  age,  or  a  bet- 
ter foundation  for  establishing  the  age  and  infra  position  of  the 
Taconic  system,  than  the  determination  of  the  foregoing  facts. 
This  is  especially  true,  when  we  have  sifted  our  observations  of 
certain  errors  which  might  occur  in  regard  to  superposition  of 
an  older  rock  upon  a  newer  by  excessive  derangements.     For- 
tunately, the  most  important  points  where  superposition  and 
succession   occur,  are  those  of  only  moderate   derangements; 
indeed,  the  phenomena  neither  indicate  excessive  upheavals,  nor 
downthrows,  the  sliding  of  the  inferior  mass  upon  an  older,  the 
passage  of  an  anticlinal  axis  into  a  fault,  nor  the  deceptive  pli- 
cations of  contiguous  strata;  nor  lastly,  the  folding  beneath  of  a 
superior  mass,  or  what  we  may  possibly  deem  the  mistaking  of 
cleavage  planes  for  those  of  deposition.     When  our  observations 
are  free  Irom  the  possibility  of  error  of  the  foregoing  kinds,  wq 
are  forced  to  maintain  that  superposition  is  due  alone  to  succes- 
sion; or  we  are  forced  to  concede  one  of  two  things,  either  that 
there  is  a  system  of  rocks  older  than  the  Silurian,  or  else  that 
it  is  possible   that   to  the  Potsdam  sandstone  there  succeeds 
conformable  slates,  limestones,   conglomerates  and  sandstones 
whose  joint  thickness  is  between  25,000  and  30,000  feet,  form- 
ing a  prodigious  appendage  to  a  system  whose  base,  all  admit, 
is  the  Potsdam  sandstone. 

Lithological  characters  should  not  be  neglected,  though  it  is 
true,  that  in  cabinet  specimens  no  reliance  can  be  placed  upon 
these  characters;  yet  in  the  field  and  when  investigated  in  mass, 
they  really  become  important  aids  in  clearing  up  the  difficulties 
which  lie  in  our  path. 

§  7.  If  it  was  my  only  aim  and  object  to  place  the  evidence  I 
have  of  an  independent  system  of  rocks  beneath  and  older  than 
the  Silurian,  I  should  proceed  to  point  out  at  once,  that  there  is 
a  slate  beneath  and  older  than  the  Potsdam  sandstone,  or  in  its 
absence,  the  Calciferous  sandstone,  and  that  a  succession  of 
rocks  of  great  thickness  lie  in  conformity  to  this  underlying 
slate ;  and  farther,  that  the  members  constituting  this  system,  are 
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never  incorporated  into  the  Silurian,  or  lie  in  conformity  there- 
with; or  stand  in  the  relation  of  scquents  to  any  of  ils  members. 
This  slate  I  should  select  because  its  position  would  enable  me 
to  exhibit  its  relations  to  tlie  lower  Silurian  rocks,  and  tliis 
would  be  the  more  satisfactory  and  conclusive,  inasmuch  as  it 
is  maintained  that  the  Taconic  system  is  only  the  lower  Silu- 
rian, embracing  those  members  which  lie  between  the  top  of 
the  Hudson  river  group  and  the  Potsdam  sandslone.  I  shall 
not  however  pursue  this  plan,  as  1  wish  first  to  exhibit  the 
sequence  and  relations  of  the  members  composing  the  Taconic 
system.  In  this  country,  seeing  that  the  lower  Silurian  system 
is  remarkably  well  developed  and  defined,  it  has  appeared  to  me 
that  American  geologists  should  avail  themselves  of  this  fact 
and  employ  it  as  one  of  the  instruments  or  means  for  the  deter- 
mination of  the  true  palieozoic  and  sedimentary  bases.  It  cer- 
tainly gives  us  important  advantages  over  European  geologists. 
The  bases  of  both  systems  are  remarkably  well  defined,  and  the 
arrangements  of  the  lower  masses  in  both  are  so  uniform  that  a  { 
comparison  in  detail  is  by  no  means  difficult.  This  is  true  even 
in  the  disturbed  districts.  We  may  admit  the  existence  of 
folded  axes,  or,  that  in  the  eastern  district  the  masses  are  meta- 
morphic,  still  the  comparison  of  one  with  the  other  need  not 
involve  us  in  error. 
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§8,  The  sediments  of  all  systems  must  necessarily  consist  of 
the  same  materials.  Sandstones  or  the  debris  of  the  silicious 
rocks,  limestones  and  slates  with  various  intermixtures  must 
make  up,  lithologically,  the  matter  which  compose  them.  Con- 
glomerates and  breccias  are  also  constituents  in  a  less  amount 
and  degree,  yet  not  less  important  geologically,  as  they  serve 
to  mark  more  distinctly  the  physical  changes  which  have  taken 
place  in  the  course  of  time,  and  during  which  the  depositions 
have  been  going  on. 
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The  important  point  to  be  observed  is  the  arrangement  of  the 
materials,  although  in  the  same  system  at  ditierent  places  there 
may  not  be  a  parallelism  of  deposits,  yet  there  is  a  great  simi- 
larity   in    districts   which   are  widely  separated.     The   Silu- 
rian system  in  this  country  is  quite  uniform  as  to  the  arrange- 
ments of  its  subordinate  members  —  the  northern  limits  of  the 
system  in  New  York  is  almost  identical  with  the  same  part  of 
it  in  Virginia  and  Tennessee;  this  is  especially  the  case  in  the 
lower  Silurian.     The  Potsdam  sandstone,  the  calciferous,  birds- 
eye,  Chazy,  Trenton,  and  the  upper  slaty  and  shaly  masses, 
can  not  be  distinguished  from  each  other  at  these  wide  dis- 
tances.    I  am  not  called  upon  to  account  for  this  remarkable 
fact.     I  have  only  to  state  it  in  this  place.     This  constancy  of 
mineral   character   becom.es    an    available   fact,   where  it    is 
necessary  to  compare  the  corresponding  parts  of  two  adjacent 
systems.    For  example,  a  comparison  of  the  lower  members  of 
the  Taconic  system  with  those  of  the  Silurian  in  this  country 
shows  a  decided  difference  in  the  mineral  constitution.     The 
first  partakes  of  the  primary  character  of  the  talcose  and  mica 
slates  of  the  pyrocrystalline  rocks;  indeed,  it  is  often  difficult  to 
distinguish  the  lower   slates  of  the  Taconic  system  from  the 
schists  which  are   intimately  connected  with   the  gneiss  and 
hornblende.     So  close  indeed  is   their   resemblance  that  they 
were    regarded  by  the   old  Wernerian  geologists  as  primary . 
rocks  of  the  same  age  as  hornblende  and  gneiss;  and  the  same  is 
true  of  the  quartz  rock  occupying  the  same  geological  position. 
When,  however,  we  examine  the  lower  Silurian  masses  their 
origin  is  not  doubtful;  they  all  bear  the  impress  of  a  sedimen- 
tary origin.    This  difference  has  usually  been  explained  by  meta- 
morphism.    This  explanation,  however,  is  not  satisfactory,  in- 
asmuch as  the  base  of  the  Silurian  system  in  northern  New  York 
reposes  on  the  pyrocrystalline  rocks,  and  so  far  as  we  at  this 
day  are  able  to  judge  of  cause  and  effect  were  as  likely  to  have 
become  metamorphic  in  this  region  as  the  lower  Taconic  rocks* 
It  has  appeared  to  me,  therefore,  that  the  difference  in  physical 
condition  is  due  mainly  to  composition.     The  lower  Taconic 
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rocks  areflemeil  directly  I'romlhe  pyiocryslalliiteiotks.grftillii 
^eiss,  mica  and  talcose  slntes;  and  the  Intter  being  very  uoi- 
form  in  composition  through  the  wboje  lenglh  and  breadth  of 
the  Appallachian  sj  stem  of  mountains,  the  source  Irooi  whence 
their  materials  were  derived,  I  hey  iiaveof  neccKsity  a  can»lancy 
of  mineral  constitution-  So  also  the  samr  accounts  for  the 
constancy  of  the  mineral  constitution  of  the  lower  Silurian, 
whose  materials  have  been  derived  from  the  Taconic  system  in  a 
parallel  belt  andofan  equal  exientj  Hndihisview  is  by  no  means 
theorclical.  Years  ago,  I  had  oblained  mosses  of  a  gray  sedi- 
mentary limestone  from  the  lowest  part  of  Ihe  Silurian  system  at 
Chazy,  which  resembles  most  perfectly  ihe  limestone  of  the  Ta- 
conic system  in  the  neighborhood.  The  carboniferous  system 
of  Rhode  Island  is  in  part  composed  of  talcose  slates  which 
contain  the  sleuis  of  lepidodendra;  so  in  the  masses  of  conglo- 
merates of  the  same  system  at  Wrenlhain,  Mass.,  massis  of 
talcose  slates  are  by  no  means  uncommon.  All  these  varia- 
tions of  mineral  constitution  have  been  altrlbuted,  as  1  have 
already  said,  to  mctamorphic  action.  1  ohm  not  but  re^nril  it, 
however,  as  erroneous  in  all  the  cases  I  have  cited.  While  I 
recognize  metamorphic  action  as  important,  I  can  regard  it  only 
as  a  local  result,  and  limited  i[i  its  eli'ecls.  At  most,  such  seems 
to  be  Ihe  ground  upon  which  it  is  to  be  placed  in  this  country ; 
and  hence,  in  comparing  the  lithological  characters  of  the  sys- 
tems, it  is  more  important  to  notice  the  mineral  constitution  of 
their  masses.  This  mineral  constitution,  I  maintain,  i.s  not  a 
secondary  affair.  If,  for  example,  we  find  magnesia  as  a  con- 
stituent of  the  limestones  or  talcose  slates  ils  presence  is  to  be 
regarded  as  having  coexisted  in  the  se<liments,  and  not  as  ma- 
terial which  has  been  introduced  subsequently  through  the 
influence  of  chemical  and  physical  forces. 

^9,  The  rocks  which  compose  Ihe  Taconic  sysleni  are  sand- 
stones, often  vitrified;  slates,  both  green  and  black,  the  former 
varying  somewhat  in  constitution,  in  some  instances  they  are 
talcose  or  magnesian,  in  others  argillaceous;  and  others  still  may 
more  properly  be  denominated  chloritic;  and  limestones  purely 
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carbonates  of  lime,  containing  beds  of  do- 
loiniie,  black  slates  colort'd  with  carbon, 
and  decomposed  sulphuret  of  iron,  and 
calcareous  sandstones.  Subordinate  to  thtse 
rocks,  I  may  also  enumerate  fine  and  coarse 
conglomerates,  breccias,  limonites,  and 
sehisls  of  various  colors.  The  system  coo^ 
tains  also  icms  of  magoelic  and  specular 
iron,  auriferous  and  cupriferous  quartz 
veins,  and    in  the  metalliferous  districts 

^    sienitic  and  compact  trap  dykes. 

5  10  Tbe  general  order  in  which  the 
rocks  are  arranged  isexhibited  in  figure  1. 
1,  conglomerates  and  breccia  at  the 
the  base  of  the  system.  Tbe  iron  breccia 
and  limonite  veins  occupy  this  position; 
so  also  quartz  in  the  condition  of  an  ordi* 
nary  sandstone  or  an  even  bedded  flag- 
stone, andlmayalsoadd  talcoseormagne- 
sian  slales  alternating  both  wilh  the  quartz 

^  rock,  a,  c,  d,  and  the  subsequent  members; 
J,  limestones,  3,  slate,  which  in  its  usual 
enormous  development  seems  to  constitute 

_j  the  principal  feature  of  thesystem;  all  the 
otiier  masses  might  be  regarded  as  subor- 
dinate beds,  5,  slates,  which  I  have  de- 
nominated  Taconic  slates,  and  which  are 
usually  of  a  dark  color,  and  contain  beds 
of  sandstone,  sometimes  a  purely  silicious 
rock,  at  other  times  they  are  silico  calca- 
reous, 6,  sparry  limestones  in  the  Taconic 
slates,  L,  limestone;  F,  fractures 

This  section  exhibits  tbe  order  of  ar- 
rangement, or  the  sequence  of  the  mem- 
bers. In  certain  geographical  districts 
it  is  in  proximity  to  the  primary  schists 
aD(l  granites,  as  in  North  Carolina  and 
Maine;  in  others,  to  the  primary  schists 
and  tbe  carboniferous,  as  in  Rhode  Island, 
and  New  York,  Virginia,  Pennsylvania 
and  Tennessee,  to  the  Silurian  and  car' 
boniferous. 
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THE  GENERAL  GROUPING  OF  THE  MEMBERS  OF  THE  SYSTEM,  Ok 
THE  DIVISION  WHICH  IS  PROPOSED  FOR  THE  TACONIC  ROCKS. 

§  11.  The  Taconic  system  is  susceptible  of  a  division  into  two 
parts,  the  lower  and  upper — the  line  of  demarkation  is  tolera<^ 
biy  well  defined.  The  first  or  lowest  division  terminates  with 
the  slate  overlying  the  Stockbridge  limestone,  2, 2.  The  entire 
mass  of  this  division  exhibits  the  primitive  schistose  aspect  of 
the  laminated  pyrocrystalline  rocks,  and  were  it  not  for  the 
presence  of  conglomerates  in  this  formation^  it  would  still  be 
regarded  as  belonging  to  a  period  in  the  earth's  history  which 
preceded  the  deposition  of  sediments.  As  the  phenomena  exist, 
however,  it  must  be  regarded  as  the  sedimentary  base  of  all  of 
the  hydroplastic  rocks.  It  is  in  the  upper  part  of  the  second  divi- 
sion that  we  first  find  fossils,  the  fucoids  and  graptolites  of  the 
Hoosick  roofing  slate  and  the  adjacent  beds  of  the  same  period. 
This  fossiliferous  part  of  the  division  still  retains  in  part  the 
primary  aspect  of  the  lower  beds,  but  the  colors  of  the  slates 
are  darker,  some  are  purple  and  chocolate  colored,  and  the  sedi^* 
ment  is  much  finer,  and  more  homogeneous.  In  this  part  of 
the  system,  therefore,  the  rocks  are  coarse  in  texture  at  the  base, 
and  become  finer  and  homogeneous  in  the  ascending  scale. 
Oak  hill  itself,  with  its  adjacent  mountains  of  protogine  and 
gneiss  are  the  most  interesting  localities  for  an  exhibition  of 
the  arrangement  of  the  lower  Taconic  rocks,  in  this  county.  It 
exhibits  the  junction  with  the  protogine,  the  order  of  arrange- 
ment of  the  members  nearly  to  the  first  limestone.  This  order  is 
exhibited  in  figures  1  and  2.  But  there  remaijn  several  facts  con- 
nected with  the  localities  which  require  a  farther  statement.  In 
addition  to  the  dip  of  the  several  masses  exhibited  upon  the  first 
section,  there  is  a  steep  southern  slope  upon  which  the  masses 
plunge  rapidly,  and  beneath  the  narrow  valley  leading  irom 
Williamstown  to  North  Adams,  the  formation  exhibited  upon  the 
western  slope  of  Oak  hill  is  lost,  in  part,  beneath  the  soil  of 
the  valley.  The  upper  mass  of  quartz  may  be  seen  near  the 
Adams  road,  not  far  from   the   bridge  crossing  the  Hoosick. 
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The  out  crop  of  the  quartz  occurs  again  two  miles  south  near  a 
mill  at  the  junction  of  the  Hopper  creek  and  Green  river.  A 
small  part  only  of  the  mass  is  exposed  dipping  southeast  and 
towards  the  high  range  of  mountains  kno\\n  as  Saddle  moun- 
tain and  Graylock. 

The  upper  division  begins  with  coarse  slates  and  sandstones, 
and  terminates  in  a  fine  black  slate.  These  sandstones  and 
slates  are  greenish,  and  rather  chloritic  than  talcose;  and  the 
masses,  as  a  whole,  often  resemble  greenstone.  This  appear- 
ance is  no  doubt  due  to  the  presence  of  chlorite  and  perhaps 
the  debris  of  hornblende.  In  New  York  these  rocks  are  by  no 
means  altered  rocks;  there  are  no  veins  of  greenstone  or  por- 
phyry in  connection  with  them.  The  upper  part  is  much  more 
protean  than  the  lower.  Dark  colored  slates  predominate,  but 
they  contain  a  multitude  of  subordinate  beds,  as  olive  sand- 
stones, intercalated  with  fine  gieen  slates;  calcareous  sand- 
stones, which  weather  to  a  brown  or  drab,  dark  green  flags  with 
fucoids;  sparry  limestone;  green  and  black  slates;  beds  of 
quartz  free  from  calcareous  matter;  beds  of  conglomerates  and 
black  shaly  limestone,  which  occupy  a  superior  position  in  the 
series. 

These  beds  are  also  interlaminated  with  a  thin  bedded  sand- 
stone, which  we  may  not  be  able  to  identify  at  distant  points, 
or  which  may  prove  to  be  due  to  local  variations,  and  not 
persistent  at  distant  points. 


MEMBERS  OF  THE  LOWER  TACONIC  SYSTEM.  THEIR  CONSTANCY 
OF  MINERAL  COMPOSITION.  THEIR  THICKNESS.  ABSENCE  OF 
ORGANIC  BODIES. 

§  12.  The  principal  members  of  the  lower  Taconic  system 
are  few  in  number,  for  though  the  beds  are  numerous,  it  is  not 
deemed  necessary  to  multiply  names  of  rocks  where  there  are 
no  fossils,  and  when  the  differences  are  due  to  position  only.  For 
example,  it  is  difficult  to  distinguish  the  beds  of  slate  which 
lie  between  the  masses  of  quartz,  from  those  which  overlie  the 
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the  members  of  the  lower  division  as  they  occur  in  an  ascend- 
ing order,  I  proceed  to  speak  of  them  as  developed  in  Williams- 
town  and  Adams,  and  to  which  an  allusion  has  been  made. 

1.  The  lower  rock  or  base  of  the  Taconic  system  at  these 
places  is  a  quartzite.  The  propriety  of  the  name  rests  on  the 
fact,  that  quartz  in  some  form  is  the  predominant  element. 
The  inferior  mass  is  sometimes  a  slate  in  which  talc  is  abund- 
ant, and  which  generally  contains  pebbles.  Lithologically,  it 
is  a  silicious  talcose  slate,  closely  resembling  the  talc-schists 
of  the  primary  rocks  of  which  hornblende  is  one  of  the  as- 
sociates. At  or  near  the  base  we  find  beds  of  conglomerates, 
which  are  usually  made  up  of  rounded  quartz  pebbles,  as  well 
as  angular  stones  imbedded  in  a  talcose  paste.  Another  brecciat- 
ed  conglomerate  consists  of  a  paste  of  limonite  in  which  both 
rounded  and  'angular  masses  are  enclosed.  Proceeding  from 
the  base  upwards,  the  masses  consist  of  quartz  of  various 
colors  and  degrees  of  fineness,  alternating  with  talcose  slate. 
Associated  with  them  in  thick  beds,  is  a  quartz  charged  with 
ieldspar,  which  often  looks  like  a  porphyry.  The  feldspar 
decomposes  and  leaves  small  ragged  cavities,  when  the  mass 
becomes  n  burr hst one,  and  is  often  used  as  a  millstone.  The 
quartz  rock  is  granular,  often  friable,  vitreous,  and  compact; 
usually  brown,  but  frequently  gray  or  grayish  brown, or  white; 
sometimes  snow  white,  and  an  excellent  material  for  glass.  The 
different  varieties  appear  to  occupy  a  given  place  iu  the  series, 
but  the  vitrified  kinds  do  not  lie  at  the  bottom,  but  frequently 
occur  at  the  top;  and  so,  of  the  distinct  sandstones  or  friable 
ones,  the  beds  are  more,  frequently  at  the  bottom,  or  near  it. 
The  grains  have  the  form  of  the  common  sandstone  of  the 
Silurian  system.  Hence  the  \itrified  masses  became  so  by  cir- 
cumstances which  attended  their  deposition,  rather  than  by  a 
subsequent  vitrification  by  heat.  So  much  do  the  bottom  rocks 
appear  like  primary  rocks,  that  no  one  would  suspect  they 
were  sediments,  were  it  not  that  they  are  accompanied  by 
conglomerates.  The  conglomerates  are  sometimes  obscure,  in 
consequence  of  a  thin  investment  of  talc,  which  often  appears 
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pressed  into  the  pebbles.  Among  the  pebbles,  angular  masses 
of  quartz  and  hard  green  slates  are  often  found  so  closely  re- 
sembling the  accompanying  talc-slate,  that  it  might  be  inferred, 
that  the  slate  had  been  broken  up  and  incorporated  with  the 
mass,  but  it  is  probable  that  they  belonged  really  to  the 
primary  schists  which  accompany  hornblende  and  gneiss. 

§  15.  That  the  character  of  these  lowest  sediments  may  be 
clearly  distinguished  from  the  lower  Silurian,  I  propose  to  speak 
of  them  in  greater  detail:  Fig.  1. — 1.  The  lowest  mass  and  which 
reposes  upon  protogine  about  one  mile  east  of  the  crest  of  Oak 
.hill,  is  a  porous  silicious  slate,  composed  of  talc,  and  some 
mica,  quartz  and  feldspar.  The  feldspar  and  quartz  is  angu- 
lar, sometimes  the  particles  are  rounded,  but  in  either  case 
the  rock  has  an  open  structure  arising  from  the  decomposition 
of  feldspar,  and  the  small  cavities  are  rough  and  unequal. 
The  porosity  of  the  mass  fits  it  for  a  millstone.  It  is  a  thin 
mass  at  this  place.  At  other  places  its  pebbly  character  is 
remarkably  well  developed.  It  lie&  directly  upon  the  granite 
here  and  its  materials  clearly  indicate  that  it  was  derived  from 
this  rock.  Its  thickness  is  variable,  not  exceeding  thirty  feet 
at  this  place. 

The  mass  reposing  upon  this  millstone  is,  1,  a  coarse  slate 
made  up  of  talc  and  quartz,  it  is  a  talcose  slate.  Its  stratifica- 
tion is  uneven  from  the  presence  of  coarse  masses  of  quartz. 
We  meet  occasionally  with  needleform  schorl.  It  is  a  much 
more  crystalline  mass  than  the  slates  above  it.  It  is  seventy 
feet  thick.  3.  The  next  rock,  c,  is  a  sandstone.  It  is  made  up  of 
white  quartz  grains,  and  forms  a  flagging  stone  susceptible  of 
division  into  very  thin  layers.  It  seems  to  be  purely  a  sand- 
stone unchanged  by  metamorphic  action.  It  is  100  feet  thick, 
thick.     It  dips  southwest wardly  at  an  angle  of  15°. 

The  fourth  rock,  b,  is  talcose  slate.  It  is  gray,  soft,  and  even 
bedded.  It  is  comformable  to  the  masses  below  it.  It  is  forty 
feet  thick.  5.  A  mass  of  quartz,  d,  succeeds  this  fine  slate.  It 
is  brown  and  rather  massive  and  jointed.  It  is  fine  grained,  and 
destitute  of  pebbles.     It  is  400  feet  thick.     It  extends  nearly  to 
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the  crest  of  Oak  hill  when  it  slopes  to  the  south,  but  there  still 
overlies  it  a  bed  of  quartz  and  a  silicious  talcose  slate  which 
seems  to  be  the  remains  of  a  much  thicker  mass;  the  latter  is 
about  thirty  feet  thick,  and  lies  obliquely  across  the  axis  of  the 
hill.  The  strike  of  the  rocks  therefore  is  not  coincident  with 
the  ridge  or  crest  of  this  chain  of  hills,  the  former  bearing  a 
few  degrees  more  to  the  westward. 

The  masses  which  I  have  described  crop  out  upon  the  east 
side  of  the  ridge  and  dip  S.  W.  at  a  moderate  angle.  They 
reappear  on  the  west  side  again  dipping  eastward,  forming  in 
consequence  of  their  opposing  dips  a  synclinal  axis.  Oak 
hill  is  1700  feet  above  the  valley  of  the  Hoosick,  which  flows  at 
its  western  base,  but  the  rocks  are  exposed  only  at  or  near  its 
crest  on  the  west  side,  while  on  the  east  side  the  succession 
is  perfectly  clear  by  an  exposure  of  all  the  masses  from  the 
protogine  to  the  top  of  the  mountain. 

§  16.  The  sequence  being  made  out  in  the  mode  I  have  stated, 
it  becomes  necessary  now  to  ascertain  what  rocks  succeed  those 
which  have  been  described.  This  determination  may  be  satis- 
factorily made  out  by  tracing  these  same  masses  along  the 
southern  slope  of  Oak  hill  into  the  valley  already  referred  to 
as  leading  from  Williamstown  to  North  Adams.  We  learn  from 
the  direction  they  take  that  they  plunge  beneath  Saddle  mountain, 
and  by  tracing  some  of  the  members  already  spoken  of  along  the 
western  flank  of  this  range,  we  at  length  find  the  quartz  out- 
cropping in  a  small  creek  which  comes  down  from  the  hopper 
of  Graylock  the  summit  of  Saddle  mountain,  and  the  highest 
point  of  land  in  Massachusetts.  This  point  is  3600  feet  above 
tide,  and  2800  above  the  Hoosick.  It  forms  a  heavy  mountain 
mass  between  Williamstown  on  the  west  and  South  Adams  on 
the  east.  By  ascending  the  western  slope  of  Saddle  mountain 
to  Graylock,  from  the  quartz  which  outcrops  at  its  base,  we 
obtain  the  succession  of  the  masses  which  succeed  the  forma- 
tion of  Oak  hill.  The  rock  overlying  the  quartz  is  again 
talcose  slate,  silicious  at  its  base,  but  purely  a  talcose  slate  as 
a  mass  and  which  requires  no  farther  description.   It  is  between 

3 


18  AUbKIi 

^00  ami  £00  feet  thick  nnd  extends  up  to  the  limestone,  which 
constitutes  iLe  seventh  member  of  the  lower  Taconic  syslem. 

This  liiuestoiie,  in  a  former  treatise  upon  the  Tncooic  sjsienit 
I  denominated  the  Stockbiidge  limestone,  as  it  is  extensively 
known  ia  the  commercial  world  as  a  m»rble  and  a  valuable 
building  inalerial.  It  is  however  less  constant  in  its  composi- 
tion than  we  should  expert  judging  from  the  jiietes  of  marble 
exhibited  in  market,  or  at  New  Ashloid'  It  is  in  the  first  place 
frequently  a  dolomite,  and  in  this  composition  is  flexible  wheo 
£rst  removed  from  the  tjuarries.  Its  lajers  along  the  plane  of 
bedding  are  profustly  »:prinkled  with  green  t^ilc,  and  though  in 
Beikshire  county  it  seems  lo  be  confined  to  one  mass,  yet  it 
other  places  not  f<ir  distant  it  is  intcrlaminalrd  with  slate. 

The  colors  are  whiti',  gray  and  occnsionally  very  dark  It  is 
reddibh  at  AViliiamslown  and  is  intimately  blended  with  silex 
It  is  also  seamy  or  sparry,  containing  calciireous  spar,  mag- 
nesian  spar  blended  with  a  variable  quantity  of  carbonate  of  iron. 

It  crops  out  on  the  westEirn  slope  of  Saddle  mountain  dipping 
south  of  east,  but  on  the  cast  side  at  Souih  Adams  it  crops  out 
at  its  eastern  base,  dipping  we^t.  lis  limits  and  position  are 
clearly  deiined  at  Willianihtown  and  Adams,  and  indeed  for  ihe 
whole  of  western  Massathusctls  and  eastern  New  Yoik,  as  it  is 
found  in  the  same  relation  throughout  this  entiie  region.  It  is 
500  feet  thick  as  exposed  on  the  western  slope  of  Saddle 
mountain. 

§  17.  The  eighth  member  of  the  lower  Taconic  system  which 
succeeds  ihc  limestone  already  described  is  a  talcose  sidte. 
From  the  termination  of  the  limestone  to  the  lop  of  Grajlock, 
the  talcose  slate  is  uninterrupted.  The  thickness  of  slale  above 
the  limestone  is  about  two  thousand  feet.  These  beds  of  slate 
are  similar  and  uniform  in  their  composition  and  structure  not 
only  in  Berkshire  county,  but  in  Virginia,  North  Carolina  and 
Tennessee;  the  beds  at  the  south  can  not  be  distinguished  from 
tbo«e  at  Ihe  north. 

By  referring  now  to  fig.  2,  the  reader  will  see  at  a  glance 
the  relative  position  of  the  rocks  which  1  have  described. 
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1, 1.  Quartz  with  its  inferlaminated  slates, 
at  (he  fo3t  of  Saddle  mountain;  2,  2, 
limestonii  outcropping  upon  boib  sides  of 
this  mountain;  3,  3,  slates  beneath  am) 
above  the  limestone.  I  hare  also  shown 
in  ihe  section  the  relative  position  of  ths 
mountain  ranges  which  traverse  Berkshire 
coiinly  and  eastern  New  York-  A,  Hoosick 
mountain  composed  of  gneiss  and  mica 
slate,  hornbleude,  etc. ;  B,  Saddle  moun- 
tain; C,  the  main  belt  of  the  Taconic 
range  alonr;  which  runs  the  boundary  line 
between  Massachusetts  and  New  York. 
This  rana;e,  C,  is  composed  of  the  same 
talcose  slate  as  B.  It  is  another  uplift  of 
the  same  rocks.  In  the  valley  between. 
Stone  hill  forms  a  prominent  point  and 
shows  a  repetition  of  the  rocks  of  Odlc 
hill.  It  is  400  feet  high  and  is  boumleJ 
on  both  sides  by  the  limestone  No.  2.  This 
limestone  is  crushed  and  contorted, 
xr,,  fj^  The  prominence  represented  betWPen  A 
•-//■^  and  B  is  a  sharp  ridge  in  South  Ad<am% 
\-,-/.\  on  the  west  side  of  which  the  rail  roij 
?i-J:^  cutting  exposes  ihe  slale  dipping  steeply 
■fe        to  the  west. 

^  4  IS-  ^™''  breccia  of  the  Taconic  rocki. 

This  singular  mass  should  not  be  passed 
by  without  a  brief  notice.  It  is  composed 
of  angular  quartz  cemented  together  by 
limonite,  or  brown  hematite.  It  does  not 
form  as  I  have  ever  been  able  to  find  a 
continuausstratum,butit  is  associated  with 
this  part  of  ihe  series.  It  occurs  io  Ver- 
mont, Massachusetts,  Penasylvania,  Vir- 
ginia, North  Carolina  and  Tennessee,  and 
always  in  the  same  relalton.  At  Noith 
Adams  it  was  worked  for  iron  at  one  timet 
..  a  thick  seam  of  it  being  discovered  in 

place  near  the  junction  of  the  slate  and  quartz.  It  i.s  always  too 
silicious  however  to  be  profitably  worked.  Its  origin  is  unques- 
tionably igneous,  as  the  phenomena  seem  to  indicate  at  the 
locality  just  referred  to,  and  it  also  seems  highly  probable  that  the 
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immense  beds  of  limonile  which  extend  through  the  stales  I 
b'lve  named  above  have  been  deris^ed  from  the  originally  in- 
jected masses  oT  iron  breccia.  However  this  may  be,  the  mass 
is  highly  inleresting.  It  is  easily  recognized  as  it  is  composed 
of  (juariz  and  iron.  The  quartz  is  sometimes  in  rounded  masses 
as  in  Hillsborough,  N,  C,  and  hence  is  a  conglomerate. 
Ferruginous  quartz  also  occupies  the  same  geological  position 
and  is  as  widely  distributed.  It  ia  common  in  Berkshire.  Mass., 
Buncombe  county,  N.  C,  and  near  Abingdon,  Va. 

§  19.  The  sequence  of  the  lower  Taconic  rocks  which  has 
been  stated  and  illustrated  in  Oie  foregoing  pages  is  essentially 
the  same  from  Maipe  to  Georgia.  I  shall  illustrate  this  position 
from  the  careful  observations  which  I  have  taade  in  this  and  in 
former  years.  The  order  of  arrangement,  therefore,  which  has 
already  been  placed  before  the  student,  must  be  regarded  in  no 
other  light  than  as  confirmatory  of  the  views  I  have  adopted 
in  this  and  my  farmer  treatise  upon  this  system. 

§  20,  Taconic  rocks  in  Maine.  The  Taconic  system  is  sur- 
rounded by  primary  schist?,  granile,  &c.  I  have  been  unable 
to  discover  any  masses  which  could  be  referred  to  ihc  Silurian 
system.  The  earliest  information  respecting  this  system  in 
Maine  was  communicated  by  Dr.  Jackson.  The  discovery  of 
fossils,  which  were  regarded  as  vegetable  impressions  at  the 
time,  were  subsequently  referred  to  the  class  of  NerecJtes. 
At  this  time  they  may  be  placed  among  the  foot  prints  of  mo- 
luscs  The  slates  which  contain  them  are  at  Waterville,  on  the 
binks  of  the  Kennebeck.  They  are  soft,  green  lalcose  or  mag- 
nesiun  slates,  placed  nearly  in  a  vertical  position  and  whose 
trend  is  N  10"  E.  Tliey  are  connected  probably  with  the  fine 
roofing  slate  of  the  Piscataqua  river.  They  seem,  however,  to 
be  isolated  and  separated  from  the  lowest  members  of  the 
Taconic  system.  The  slates  extend  over  a  width  of  country, 
for  about  15  miles.  It  is  at  Camden,  however,  that  wc  ob- 
serve a  section  of  tite  rocks  which  coincides  with  those  of  Berk- 
shire county.  The  intervening  country  is  partly  covered  with 
drift,    over    which     granite,    gnei.ss    and    mica    slate    prevail. 
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One  of  the  most  interesting  rocks  of  Camden  forms  a  very 
conspicuous  mass  in  the  neighborhood.  It  forms  an  emi- 
nence 700  or  800  feet  high.  It  is  the  Megunticook  mountain, 
and  is  a  mass  of  conglomerates  resting  unconformably  upon  mica 
slate.  It  is  isolated,  and  the  members  once  connected  with  it 
have  been  swept  away  by  diluvial  action.  The  conglomerates 
are  at  least  400  feet  thick.  A  large  proportion  of  the  quartz  is 
still  angular.  A  succession  of  the  lower  rocks  of  the  system,  is 
exposed  on  Goose  river  and  harbor  in  the  vicinity. 

Figure  3  shows  the  succession  referred  to,  enumerating  them 
in  the  descending  order. 

a,  wrinkled  magnesiati  slate;  6,  limestone; 
c,  trap  dyke;  d  and  /,  slate  more  or  less  sili- 
cious;  e,  granite  vein;  A,  hard  quartz  rock; 
t,  slaty  and  contorted  quartz;  /,  slate  con- 
taining imperfect  macles;  n,  second  mass  of 
granular  quartz;  m,  magnesian  slate.  At  F 
there  is  probably  a  fracture  and  hence  the  fore- 
going masses  may  be  repeated;  G,  Goose  river. 

The  rocks  at  Camden  are  identical  with  those 
of  Berkshire.  Their  order  of  arrangement  the 
same.  All  the  differences  arise  from  their  hav- 
ing been  changed  by  their  vicinity  to  trap  and 
granite,  as  in  the  slates  macles  are  partially 
developed.  This  section  has  one  advantage 
over  the  Berkshire  section,  as  it  evidently 
gives  us  the  rocks  according  to  their  succes- 
sion. Their  aggregate  thickness  I  estimate  at 
2,000  feet.  Conglomerates  occur  in  the  mass 
at  K.  The  Taconic  rocks  extend  from  Cam- 
den seaward.  They  appear  and  form  the  Fox 
islands  12  miles  from  Camden;  where  they  are 
much  changed  by  igneous  rocks  at  certain 
points,  especially  where  they  are  traversed  by 
dykes. 

At  Thomaston,  seven  miles  distant,  the  slates 
and  limestone  similar  to  those  of  Camden  are 
the  prevalent  rocks.  The  limestone  is  tra- 
versed by  a  huge  trap  dyke. 
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421.  la  Rhiide  Island  near  StnithQeJil,  quarts,  slate  and  lime- 
stone are  well  known. 

The  succession  here  is  as  follow-s,  anil  is  represented  by  fig. 

4,     The  rocki  lie  in  a  troufjh  bounded  on  one  Fide  by  granite 

and  on  the  other  by  a  con°;lomerate  of  the  carbon ift^ro us  system' 

Fig.  4. 


g,  granite;  a,  altereil  magnesian  slate;  L,  c,  e,  limestone 
6  and  d,  dykes,  in  the  form  of  hornblende;  /,  slale  parlially 
changed  to  serpentine;  V,  valley  of  the  filackstone;  >',  granular 
quartz  inlerlaminated  with  talcose  slate;  on  the  ri^ht  of  the 
section,  the  coal  conglomerates  occur  in  jiixlaposiiian, 

in  this  section  the  older  rocks  seem  to  rest  on  the  newer.  The 
section  is  made  out  so  far  that  we  can  only  speak  of  tho  masses 
which  represent  it.  The  succession  is  obscured  by  diift  and 
intruded  rocks.  In  general,  I  may  observe  that  the  quartz, 
limestone  and  slate  resemble  the  rocks  of  Berkshire. 

It  is  importantthat  the  student  should  be  acquainted  with  cer- 
tain pheno;ncna  respecting  tlje  members  of  the  Taconic  system, 
which  obscure  their  relations  at  many  places.  One  ot  these 
phenomena  is  produced  by  the  intrusion  of  pyrocrystalline  rocks, 
granite  or  sienile.  These  intruded  masses  separate  the  members 
of  the  system  from  each  other,  and  at  the  same  time  change 
the  direction  of  dip.  This  fact  is  illustrated  in  a  belt  of 
country  near  Fisk  kill  at  the  Rocky  Glen  factory. 


.^cr-A^^v^^a^.  •'^x0Si 


Thus  a,  martnesian  slate;  c,  limestone;  b,  e,  granite,  which 
separates  these  two  members  frnjn  each  by  a  rocky  ridge. 

It  happens,  however,  that  ridges  of  mica  slate  are  interposed 
in  the  same  manner.  Probably  the  deposit  was  originally  ihin, 
and  hence  has  been  worn  away  by  diluvial  action.     Some  five  or 
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six  miles  sometimes  intervene  between  two  members  of  the  sys- 
tem, as  in  Cherokee  county,  N.  C,  where  a  mica  slate  like  that 
of  New  England  with  staurotitles  intervenes  between  the  quartz 
and  lalcose  or  magnesian  slate.  This  subject  may  be  reverted 
to  again. 

THE  TACONIC  SYSTEM  IN  THE  SOUTHERN  STATES. 

§  22.  The  lower  Taconic  system  is  equally  well  developed  in 
the  southern  as  in  the  New  England  states.  From  the  northern 
part  of  New  England  it  is  prolonged  southwards,  and  upon  the 
line  of  prolongation  it  continues  uninterruptedly  for  more  than 
one  thousand  miles.  For  the  purpose  of  illustrating  its  develop- 
ment in  the  southern  states,  I  have  selected  the  region  of  the 
Warm  springs,  in  Buncombe  county.  North  Carolina.  The 
series  at  this  place  with  their  sequence  is  illustrated  by  fig.  6. 

It  is  situated  in  the  midst  of  a  cluster  of  rough  mountains, 
along  the  bases  of  which  flows  the  French  Broad  river.  In 
some  respects  it  is  admirably  adapted  to  geological  investiga- 
tions; in  others  it  has  its  objections,  the  surface  or  slopes  of  the 
mountains  are  too  rough  to  be  traversed  where  great  accuracy 
is  required. 

The  succession  of  the  rocks  however  is  determined  without 
much  labor,  especially  the  inferior  masses,  those  which  are 
under  consideration.  So  also  their  relations  to  the  primary 
rocks  upon  which  they  repose.  The  latter  I  regard  as  an  im- 
portant consideration  at  this  time,  inasmuch  as  it  seems  neces- 
sary to  determine  them  in  order  to  remove  certain  objections 
to  my  views  which  have  been  started  since  the  publication 
of  my  report  upon  this  system. 

We  find  at  this  locality  an  anticlinal  which  clearly  sepa- 
rates the  pyrocrystalline  rocks  from  the  base  of  the  Taconic  sys- 
tem. It  is  not  a  local  disturbance  nor  confind  to  an  area  of  a  few 
hundred  yards.  The  older  masses,  consisting  of  gneiss,  mica 
slate  and  hornblende,  dip  generally  S.  £.  from  Ashville  to  the 
W^arm  spring,  or  indeed  fiom  the  Blue  ridge  itself.  The 
Taconic  rocks  on  the  contrary  dip  westward  for  fifteen  to  twenty 
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miles,  though  in  the  Paint  mountain  range  there  are  numerous 
changes  of  dip.  In  fine,  the  locality  at  the  Warm  springs  is  a 
good  exiiibition  of  the  developmenl  of  the  lower  Taconic  rocks 
in  the  southern  states. 

B,  Sienitic  granite,  which  in  conse- 
quence of  its  protrusion  at  a  period  sub- 
sequent to  the  deposition  of  the  lower  rocks 
of  the  system,  throws  ihem   into  an  arch. 


% 


'4/ 


1,  talcose  slates  and  slates  with  pebbles; 

2,  seamy  ferruginous  sandstone,  115  feet 
thick;  5,  slaty  conglomerate  and  slaty 
sandstone;  6,  vitrified  quartz  of  a  brown- 
ish color,  200  feet.  It  contains  pebbles 
and  frequently  fragments  of  slate.  7,  brown 
silictoiis  slate  passing  into  quartz  with  a 
few  pebbles,  S5  feet;  8,  granular  quartz; 
9,  talcose  slate,  200  feet;  10,  quartz,  the 
two  beds  wilh  the  slate  included  is  1500 
feet;  11,  slate,  260;  12,  gray  limestone, 
500  feet;  13,  gray  fine  grained  talcose 
slate,  over  150  feet  thick;  the  mass  is  too 
much  concealed  to  admit  of  its  exact 
measurement  Adjat-ent  lo  this  jjiass  I  find 
a  leld^ipathic  slat)  sandstone  of  an  undeier- 
mined  thickness,  and  ils  relations  are  ob- 
scurtlj  de\  eloped 

The     foregoing     statement     respecting 
the  ihicknC'S  of  the  masses  at  the  Warm 
springs,  la  as  near  their  actual  thickness 
15  the    txceedmg    rough    and    steep    sur- 
ta<e  of    the    mounlnin   will   permit.      The 
united  thickness  of  all  the  masses  is  there- 
lore  about  3000  fi  et      The  sequence  of  ihe 
,    rocks  IS   exact     The  dip  of  the  superior 
1       masses  is  wc.!,  that  is  from  the  axis  of  the 
t,    primary  schists  \,  adjoining  them  on  the 
east,  and  I  ma)  htre  remark,  that  the  line  of 
dtiridrkilion  between  the  former  and   latter 
^      ^        rocks  IS  well  defined      The  dip  of  the  in- 
,<^Si^^SL    _^    ferior  rocks  is  north  of  west  according   to 
^;      their  distance  from  the  axis  of  elevation. 
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The  rocks  at  the  Warm  springs  when  compared  wilh  those  of 
Berkshire  county,  embrace  a  larger  development  of  quartz  than 
of  slates,  and  the  beds  of  conglomerate  are  more  remarkable, 
extending  far  up  in  the  series;  but  the  slates  and  quartz,  litho- 
logically,  are  undistinguishable  from  those  of  Berkshire.  The 
masses  are  widely  separated  and  are  unquestionably  correla- 
tive; besides,  we  have  the  evidence  of  continuity  of  rocA:,  that  same 
clear  well  defined  separation  from  the  rocks  of  the  Blue  ridge 
that  we  find  both  at  Williamstown  and  the  Warm  springs  of 
Buncombe.  When  we  go  farther  and  compare  the  subordinate 
masses  we  find  that  the  same  resemblance  and  identity  holds  good; 
for  example,  the  limonites  and  manganese,  the  ferruginous 
quartz,  both  yellow  and  red,  chert,  agate,  etc.,  are  common 
to  the  whole  belt  of  which  I  am  speaking. 

§  24  In  Cherokee  county,  N.  C,  all  the  members  are  present 
which  I  have  given  as  belonging  to  the  formation  at  the  Warm 
springs,  but  the  system  is  separated  a  few  miles  by  the 
interposition  of  a  ridge  of  primary  schists  with  staurotide. 
Conglomerates  occur  three  miles  northwest  of  Murphy,  Cherokee 
county,  which  dip  east\Yard,  to  which  a  series  of  slates  and 
quartz  rock  and  limestone  succeed,  accompanied  with  beds  of 
limonite,  as  in  Berkshire,  Mass.  To  the  westward  of  the 
conglomerate,  the  ridge  of  primary  schists  come  in,  after 
which  the  dark  colored  slates  and  brecciated  conglomerates  and 
sandstones,  &c.,  occur  as  in  Columbia,  Rensselaer  and  W*ash- 
ington  counties,  in  New  York,  and  as  they  recur  at  the  Paint 
rock  in  Tennessee,  six  to  ten  miles  west  of  the  Warm  spring  in 
Buncombe  county,  N.  C.  Although  there  is  a  separation  of  the 
older  Taconic  rocks  from  the  neWer  by  the  primary  rocks  to 
which  I  have  alluded,  still,  there  is  no  question  as  to  the 
relationship  which  exists  between  them.  I  find  a  similar 
separation  in  New  York  by  the  intrusion  of  granite.  The 
intrusion  of  granite  is  a  phenomenon  which  is  not  likely  to  lead 
to  error.  In  the  recurrence,  however,  of  the  primary  rocks, 
particularly  the  fine  mica  and  talcose  slates,  the  geologist 
might  regard  them  as  interlaminated  masses,  but  a  careful  ez- 
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amination  of  relations  of  these  rocks  to  each  other  will  result 
in  the  conviction  that  the  primary  rocks  are  underlying  and 
older  masses,  and  have  no  connection  with  the  sedimentary 
rocks  which  they  geographically  separate. 

§  25.  The  cluster  of  mountains  which  the  French  Broad  river 
has  cut  through  at  the  Warm  springs  is  prolonged  northwards 
and  southwards.  The  range  is  necessarily  crossed  in  going  from 
Ash  county,  N.  C,  to  Abingdon,  Va.  Stone  mountain  whiih 
rises  near  this  route  is  quartz,  the  base  of  the  system.  It  is 
succeeded  by  slates  and  limestones,  and  conglomerates  and 
sandstones,  in  the  order  which  I  have  already  stated  in  sufficient 
detail.  The  limestone,  however,  is  not  a  marble  as  in  Massa- 
chusetts and  Vermont,  except  at  a  locality  about  half  way 
between  Taylorsville,  in  Tenn  ,  and  Abingdon,  Va.  It  is  here  a 
white  marble,  and  is  evidently  an  altered  mass.  The  change  is 
quite  local  and  has  taken  place  on  a  line  of  disturbance,  and 
where  the  rocks  are  contorted  and  wrinkled.  The  route  follows 
a  rapid  river,  known  as  the  Laurel.  This  range  has  received 
different  names  at  different  places.  Between  Macon  county,  N. 
C,  and  Tennessee,  it  is  called  Iron  or  Smoky  mountain;  be- 
tween Cherokee  county  and  Teunessee,  it  is  known  as  the 
Unaka  mountain;  between  Yancey  county  and  the  same  state  it 
is  Bald  mountain.  From  the  northwest  corner  of  North  Carolina 
to  Cherokee,  quartz  rock  is  the  predominant  rock  of  the  range. 
It  is  traversed  in  the  line  of  North  Carolina  and  Tennessee  by 
the  Watauga,  the  Nolachuky,  French  Broad,  Pigeon,  Tennes- 
see and  Hiwassee.  All  of  these  rivers  cross  the  line  of  lase  of 
this  system  of  rocks  and  furnish  fine  sections  and  exposures  of 
it.  The  conglomerates  and  quartz,  however,  in  Cherokee 
county,  are  upon  a  belt  eastward  of  the  mountain  range,  while 
further  north  of  this  hard  rocks  form  their  crests  and  the  highest 
points  upon  their  ridges. 

§  26.  Sections  of  the  lower  Taconic  rocks  in  Virginia.  —  Ano- 
ther section  a  little  further  north  is  opened  along  the  course  of 
New  river,  which  rises  in  North  Carolina  and  flows  northwest- 
ward into  Virginia.     I  examined  this  section  on  a  route  lead- 
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injj  from  HilUvJlle  to  Wytherille,  Va.  I  croiseJ  the 
a;  Blue  riil:;cat  the  Fancy  gap.    The  quartz  rock  and 
its  slates  anJ  conglomerates  will  be  crossed  about 
fifteen  miles  east  of  Wjtheville.     It  is  sufficient  to 
rem^irk   in  this  place  that  the  rocks  and  their  se- 
quence dilfer  in  no  respect  essentially  from  those  of 
the  Warm  springs  in  N.  C.     At  an  old  iron  furnace 
near  the  New  river,  the  occurrence  of  the  limestone 
.T  is  more  abrupt  than  usual,  the  slate  which  inter- 
venes between  the  quartz  and  limestone  at  other 
places  is  wnnting  at  ibis,  and  the  limestone,  in  con- 
sequence of  the  inclination  of  the  quartz,  seetas  at 
the  surface  to  dip  beneath  it.    It  is  not,  however, 
an  underlying  mass. 
The  limestone  is  gray,  and  only  semicrystalline. 
f-  It  is  overlaid  by  a  dark loloreJ slate.     On  this  line 
"  of  section,  the  rocks  which  succeed  still  further  on 
the  route  to  Wytheville,  will  be  given  in  detail  in 
the  proper  place.     Thus  far,  the  section  corresponds 
_   with  those  I  have  already  given. 

§  27.  The  next  section  is  represented  by  the  an- 
nexed cut,  fig.  7.     It   leads  from  Waynesboro  to 
Staunton,  Va.     Beginning  at  the  western  base  of 
^  the  Blue  ridge,  the  series  consists  of,    1,  Talcose 
"  slates   accompanied   with  seams  of  iron  breccia, 
seventy-five  feet;  2,  gveen  talcose  slate  with  breccia 
thirty-four  feet;  3,  quartz  and  iron  breccia,  twenty- 
"  five   feft;   4,  green   thick   bedded   slate,  seventy- 
five  feet;  5,  thin  bedded  quartz  and  iron  breccia, 
alternating  also  with  slate  and  quartz  in  beds  pre- 
senting a  ribbon-like  appearance,  100  feet;  6,  tal- 
cose slate,  100  feet;  7,  quartz  and  iron  breccia,  4U0 
feet;  8,  reddish  and  purplish  slates  and  two  or  three 
beds  of  quartz;  9,  (bin  bedded  qnariz;  10,  of  white 
and  gray  vitreous  quartz,  500  feel;   11,  talcose  slate 
or  light  colored  magnesianblate,  too  much  concealed 
under  debris  to  admit  of  a  determination  of  thii:l[- 
ness;  12,  gray  limestone,  300  feet;   13,  black  and 
12  gray  slate  with  beds  of  shaly  limestone. 

In  this  section  the  recurrence  of  the  iron  breccia 
19  the  most  remarkable  feature.  There  is  less  quartz 
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than  atthe  Warm  springs  or  at  the  Stone  mountaiD.  SUII  llere 
is  a  great  similarity  in  Ihe  group  with  those  at  distaot  points 
along  this  remarkable  range. 

^  28.  It  remains  now  to  describe  the  Harper's  ferry  section, 
%s'hich  runs  along  the  eastern  slope  of  the  Blue  ridge 
wiih  a  Boutheaslerly  dip  instead  of  the  western  slope.  The 
Potomac  crosses  tbe  base  of  tie  Blue  ridge  at  this  place.  The 
rocks  are  finely  exposed  and  the  succession  can  not  he  ques- 
tioned. Neither  can  the  relations  of  the  sedimentarj'  rocks  be 
misunderstood.  The  steep  mountain  which  rises  from  the  river 
on  its  north  side,  exhibits  very  clearly  at  a  distance  the  line  of 
demarkation  between  the  primary  and  Taconic  rocks;  and 
on  a  near  approach  to  this  line,  we  find  it  is  produced  by  the 
difference  of  the  rocks.  The  primary  and  underlying  rock  is  a 
wrinkled  talcose  slate,  similar  to  the  New  England  slates  and 
Green  mountain  slates  of  the  same  name,  and  which  are  associ- 
ated with  gneiss  and  hornblende.  2,  a  brecciated  conglomerate, 
eight  feet  thick.  This  rock  makes  the  narrow  belt  on  the  south 
face  of  the  mountain,  and  causes  the  distinct  line  of  dcmark; 
lion  between  the  older  and  newer  rocks.  3,  greenish  and  pui 
plish  slates  cojitaining  brecciated  quartz,  50U  feet;  4,  slates, 
three  to  400  feet;  5,  purplish  quartz,  two  feet;  6  slale,  two 
feet;  7,  breccia,  four  feet;  8,  clear  and  vitreous  quartz,  seventy 
feet;  9,  purplish  slates,  traversed  by  numerous  seams  of  milky 
quartz,  sixty  feet;  10,  quartz,  thin  bedded  below,  and  thick 
above,  200  feet;  11,  slaty  quartz;  12,  hard  contorted  quartz. 
Slates  with  limestone  succeed  the  foregoing,  the  latter  crops  out 
from  beneath  the  Trias,  at  a  point  upon  the  Potomac,  from 
which  were  tiikcn  the  brecciated  pillars  which  ornnment  the 
halls  of  the  capitol  at  Washington.  The  rocks  eastward  of 
Harper's  ferry,  however,  are  too  much  concealed  on  the  line  of 
rail  road  to  enable  me  to  give  their  arrangement  in  detail,  still, 
enough  is  exposed  to  warrant  me  in  speaking  confidently  of 
their  sequence  which  as  I  have  already  intimated,  does  not  diffe  r 
materialy  from  those  of  the  localities  which  I  have  already 
given.     In  the  minor  details  there  are  certain   unimportant 
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differences  particularly  in  regard  to  the  thickness  and  position 
of  the  brecciated  conglomerates  and  a  few  intercalated  beds  of 
slate  and  quartz.  The  former  are  noticed  for  the  purpose  of 
proving  the  sedimentary  origin  of  these  rocks^  an  origin  which 
many  geologists  would  formerly  have  questioned,  and  even  at 
this  day  were  it  not  for  their  presence. 

The  quartz  and  slates  still  continue,  and  these  are  succeeded  by 
a  gray  limestone,  which'Crops  out  from  beneath  the  Triassic,  or 
as  some  regard  it,  the  Liassic  system  east  of  the  locality  which 
furnish  the  Potomac  marble. 

§  29.  From  Harper's  ferry  the  series  continues  through 
Pennsylvania  into  New  York,  and  then  into  Massachusetts  and 
Vermont,  retaining  the  same  relation  to  the  primary  rocks 
throughout  its  long  extended  line.  If  we  trace  the  relations 
of  the  quartz  rock  to  the  Blue  ridge  and  Green  mountains  of 
Vermont,  we  find  it  varies  exceedingly  along  this  great  range. 
In  North  Carolina,  the  quartz  rock  at  the  base  of  the  Taconic 
system  forms  independent  ranges  of  mountains  sixty  or  seventy 
miles  to  the  west  of  it.  As  the  quartz  extends  northeastward, 
the  Blue  ridge  and  the  quartz  approach  each  other.  At 
Waynesboro  the  quartz  reposes  upon  its  western  face.  At 
Harper's  ferry  the  quartz  reposes  upon  its  eastern  face,  having 
crossed  the  Blue  ridge  in  its  northern  prolongation.  The  rocks 
which  compose  the  Blue  ridge  in  North  Carolina  and  the  30uthern 
part  of  Virginia,  diverge  from  it  south  of  Charlotteville  and 
strike  towards  Baltimore.  If  the  Green  mountains  and  Hcosick 
mountain  of  Massachusetts,  are  regarded  as  a  prolongation  of  the 
Blue  ridge,  we  again  find  the  quartz  and  slates  at  the  base  of  the 
system  reposing  upon  its  western  flank,  though  here  these  rocks 
form  of  themselves  a  distinct  and  independent  range,  which 
has  long  been  known  as  the  Taconic*  mountains.  I  have 
already  spoken  of  the  wide  distinction  there  is  between  the 
system  of  rocks  composing  the  Green  mountains  and  those  of 
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*  The  word  has  been  spelled  Taaghconnao  and  Taghconio,  but  those  modes 
of  spelling  have  given  waj  to  Ti^K>nio. 


AMEIBICIN  OKOLtKiV- 

the  Taconic  system.  When  we  trace  however  the  relations  of 
these  masses  throughout  Iht;  entire  cxicnt  of  the  country,  the 
importance  of  regarding  this  ttistinulion  as  estahlisheil  can 
scarcely  be  doubted.  If  we  assume  that  the  Green  mountains 
are  composed  of  the  altered  Hudson  river  slates,  the  same 
assumpljon  must  he  made  respecting  the  whole  of  the  Blue 
ridge.  The  onlj'  belt  where  the  Blue  ridge  is  composed  of 
rocks  which  can  be  regarded  as  metamorphif,  is  at  the  crossing 
near  Waynesboro.  At  Charlolteville  and  westward  towards 
the  Blue  ridge,  gneiss,  mica  slate,  hornblende  and  sienites, 
prevail.  But  near  ihe  ridge,  a  sedimentary  rock  which  occurs 
extensively  in  North  Carolina,  comes  in;  and  I  found  in  cross- 
ing the  ridge,  that  the  green  slaty  rocks  were  charged  with 
epidote,  with  scarcely  a  mass  of  gneiss  or  hurntilende  which 
could  be  recognized.  1  can  only  say,  that  the  Blue  ridge  for  a 
short  distance  exhibits  a  different  composition,  while  at  the 
same  time  the  Taconic  system,  which  appears  on  its  western 
fiiDk,  is  quile  us  clear  and  distinct  as  at  any  other  point  on  the 
line  of  this  great  bell. 
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^  30.  The  account  which  I  have  given  of  the  lower  Taconic 
rocks,  relates  to  the  series  which  flank  the  Blue  ridge  on  the 
west,  I  shttii  row  describe  a  parallel  series  which,  skirt  the 
same  range  on  the  easl,  and  which  Ihout^h  not  equally  con- 
tinuous with  the  former  is  still  the  predominant  sjslecn  over  a 
wide  belt  of  country,  extending  in  a  northeasterly  and  south- 
westerly course  from  South  Carolina  to  Maine.  The  Taconic 
rocks  which  I  propose  to  dei^cribe  in  this  connection,  are  desti- 
tute of  that  regularity  and  symmetry  which  mark  those  upon  the 
we.^t  side  of  the  mountain.  The  series  also  is  incomplete,  1 
find  the  upper  members  are  wanting,  and  in  placing  this  series 
in  the  Taconic  system,  I  am  guided  by  lilliological  cliarncters, 

(j  31.  Members  of  the  scries.    These  embrace  conglomerates. 
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quartz  rock  and  quartzite,*  talcose,  chloritic  and  argillaceous 
slates. 

The  mode  in  which  the  foregoing  rocks  are  arranged,  will  be 
understood  by  describing  them  as  they  occur  upon  a  transverse 
section.  If  we  descend  the  eastern  slope  of  the  Blue  ridge  in 
North  Carolina,  in  the  direction  of  Wilkes  county,  the  series 
which  represents  the  geology  of  the  country  traversed  consists 
mainly  of  mica  slate  and  gneiss  and  intruded  granitic  masses.  I 
believe  they  resemble  the  New  England  rocks  of  the  same 
name  as  perfectly  as  possible.  These  continue  upon  its  flanks 
until  after  we  pass  a  low  range  called  the  little  Brushy 
mountain,  which  traverses  the  country  about  ten  miles  east  of 
Wilkesboro,  in  a  N.  E.  and  S.  W.  direction.  This  formation 
continues  to  a  point  about  one  and  a  half  or  two  miles  east  of 
Lexington,  Davidson  county,  N.  C.  At  this  point  and  in  a  line 
ranging  with  it  nearly  N.  E.  and  S.  W.  the  system  changes, 
the  primary  giving  place  to  a  seiies  of  sedimentary  masses 
which  continue  to  a  line  about  ten  miles  west  of  Raleigh,  in 
Wake  county;  it  comprehends  a  belt  of  country  about  seventy 
miles  wide.  This  belt  is  prolonged,  in  the  direction  1  have 
stated,  into  Virginia  and  South  Carolina.  It  is  necessary, 
however,  to  state,  that  the  lines  of  demarkation  of  its  borders 
are  not  equally  well  defined  at  all  points,  but  they  are  usually  re- 
cognizable by  making  offsets  at  short  distances  to  the  right 
or  left. 

The  prevailing  dip  of  the  rocks  of  the  Blue  ridge  is  S.  E. 
When,  however,  we  have  passed  from  the  pyrocrystalline  rocks 
to  the  Taconic  system,  the  dips  are  changed,  first  to  the  S.  W. 
and  finally  to  N.  W.,  which  is  the  prevailing  dip.  The  angle 
dip  varies  from  40®  to  vertical.  The  first  mass  which  indicates 
a  change  in  the  series  of  rocks,  occurs  a  mile  or  two  east  of 
Lexington.    It  is  a  coarse  talcose  ma«s.    Farther  on  it  becomes 

*  The  term  quartzite  I  use  to  designate  a  kind  of  silicious  mass  which 
closely  resembles  chert  or  homstone  associated  with  many  of  our  lime- 
stones. 
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«  fine  talcose  slale  which  soon  becomes  biUcious  and  foroif  j 
tough  mass,  which  I  shall  lienominalc  a  coarse  talcose  quarlzite. 
Its  color  is  light  green,  it  is  often  obscurely  porphyritic,  and 
thouph  jointeti,  it  is  one  of  the  most  tough  rocks  which  is  ever 
encountered  by  the  geologist  or  miner.  When  moderately 
silicious,  it  decomposes  readily  and  forms  a  deep  red  soil.  As 
it  U  neaily  vertical  and  as  it  weathers  unequally,  the  outcrop 
presents  a  singular  succession  of  sharp  edged  masses,  which 
arc  rounded  in  the  direction  of  the  strike.  It  presents  an  in- 
terrupted succession  of  hatchet  shaped  eminences.  These  are 
sometimes  seven  or  eight  feet  high  and  ten  feet  at  the  base,  and  It 
Homelimes  also  happens  that  two  of  these  projecting  masses  stand 
within  a  few  feet  of  each  other,  and  hence  are  convenienllyVoofed 
over  for  a  small  outhouse,  the  rocks  forming  ihe  two  parallel 
walls.  These  projections  are  so  numerous  on  the  Three  Hat 
mountain,  some  eight  miles  east  of  Lexington,  that  its  surface 
can  not  be  cultivated.  The  rock  between  Lexington  and 
Spencer  postoflice  is  mostly  quarlzile,  with  bands  of  flinty 
slate  which  breaks  wilh  a  smooth  conchoida!  fracture,  and  a 
soft  even  bedded  talcose  and  chloritic  slates.  It  is  difficult  to 
assign  a  satisfactory  reason  for  the  occurrence  of  ihe  quartzites 
in  the  midst  of  the  unaltered  slates.  Tlic  change  does  not 
appear  to  be  due  to  the  proximily  of  trap  or  igneous  masses. 
I  have  therefore  for  want  of  better  reason  regarded  these  cherty 
masses  as  products  of  chemical  forces  acting  at  the  time  of 
their  deposition.  The  quartzite  of  North  Carolina  is  so 
peculiar  that  I  deem  it  useful  to  describe  it  still  more  particu- 
larly. In  the  extreme  variety  it  is  a  pure  bluish  hornstone, 
and  breaks  wilh  a  flat  conchoidal  fracture.  In  this  form,  il  is 
rather  easily  broken,  but  when  less  pure,  it  is  tough;  the 
fracture  is  then  uneven  as  if  the  masses  were  torn  apart.  It  is 
translucent  on  the  edges,  which  are  sharp  like  flint.  When 
struck  it  is  often  sonorous  like  cast  iron.  It  is  not  perfectly 
homogeneous  as  a  mass,  as  small  crystals  of  leldspar  and 
sulphuret  of  iron  are  often  disseminated  through  it.  In  dis- 
integrating, the   outside   weathers   to    a  drab.     In  Chatham, 
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Randolph  and  Davidson  counties,  it  never  forms  ledges  of 
jointed  rocks,  but  crops  out  in  the  manner  I  have  just  repre- 
sented. Its  strike  is  N.  25°  E.  while  the  ridges  which  it 
traverses,  and  ^hich  are  narrow,  run  N.  10°  E.  The  ridges  are 
quartzite,  the  valleys  are  usually  underlaid  with  a  soft  slate. 
The  quartzite  in  many  instances  is  massive,  but  passes  into 
jointed  silicious  slates.  The  latter  are  frequently  associated 
with  novaculite  and  other  fine  and  coarse  grits.  Numerous 
varieties  of  quartzite  are  met  with,  as  the  blue  and  purple, 
light  gray  and  green  of  many  shades,  and  composed  of  impalp- 
able individuals,  also  yellowish  and  yellowish  brown,  and 
traversed  by  seams  of  quartz;  or  deep  green  and  banded 
varieties,  or  coarsely  agatized  ones.  The  quartzite  is  constantly 
undergoing  decomposition.  The  atmospheric  influence  pene- 
trates deeply  into  the  rock;  and  its  extent  is  marked  by  an 
opaque  white  friable  border,  &c.  &c.  Indeed  all  the  varieties 
of  quartzite  disintegrate,  decompose,  some  slowly  and  others 
rapidly,  the  silicious  and  ferruginous  varieties  forming  a 
deep  red,  and  the  apparently  pure  silicious  ones,  a  pale  drab 
colored  soil.  These  belts  of  quartzite  are  frequently  half  a 
mile  wide,  in  which  a  few  beds  only  of  slate  occur.  The  most 
interesting  localities  are  in  Davidson  and  Chatham  counties. 
They  are  not  confined  however  to  these  counties. 

Randolph  county,  which  succeeds  Davidson  on  the  east,  fur- 
nishes a  large  amount  of  quartzite  in  its  rocks.  All  the  ridgesi 
may  be  set  down  as  formed  of  this  kind  of  rock,  excepting 
those  which  belong  to  a  narrow  belt  of  sienite  which  comes  in 
about  six  miles  west  of  Ashboro.  Fine  and  coarseish  grits 
resembling  certain  varieties  of  novaculite  are  frequently  met 
with  in  and  about  Ashboro.  But  at  Franklinville,  eight  miles 
east,  the  green  chloritic  slates  predominate  with  only  a  few 
beds  of  quartzite.  The  soft  green  slates  are  traversed  by  veins 
of  milky  quartz,  but  they  are  rarely  auriferous.  A  few  miles 
further  east  the  slates  are  replaced  by  a  thick  bedded  chloritic 
sandstone  which  bears  a  trappean  appearance,  and  as  it  weathers 
readily  the  detached  masses  become  round.    These  thick  bedded- 


ruclfs  are  a^rain  succeeded  by  thin  btilded,  wbicb  contain  peb- 
bles of  quariz.  Such  niasi^es  arc  repealed  Irequenlly  in  the 
distance  nf  twenty  miles.  Deep  green  i^lales,  riitljer  thick  bedded 
cbloritic  sandstones  and  beds  of  brccciaied  I'onRluinti  alts  belojif^ 
to  the  same  bell.  Twenty  miles  west  of  Fittsboro  or  iiboul 
twelve  miles  east  of  Franklinville  a  belt  of  ihis  brecciated  rock 
may  be  observed  near  by  and  crossing  tbe  road.  At  I'illsboro, 
red  and  purple  slates  wilh  breccia  prevail,  particularly  near  the 
village,  Al  Jones'  falls,  on  the  Deep  liver,  thequanzile  ami 
brecciated  quartzite  and  porphyries  form  a  belt  half  of  a  mile 
wide  and  extend  some  five  or  six  nailes  in  a  noJlheast  direction. 
The  porphyries  are  no  doubt  products  formed  by  ihe  adjacent 
trap  of  the  neigborhood,  as  the  Taconic  rocks  emerge  here  from 
beneath  the  sandstone  of  the  Trassic  or  Peinuan  system. 

The  belt  of  Taconic  rocks  nhich  lie  between  Lexington  on 
the  West  and  Deep  river  at  Jones'  falls  on  the  east,  passes  up 
through  the  east  part  of  Guilford  county,  form  most  of  Alamance 
and  Orange  counties,  and  so  onward  through  Granville  into 
Virginia.  At  Hlllsboro,  Orange  uoimly,  a  Tiwze  of  liill.s  coiT.e 
down  from  Granville  county.  These  hills  are  frequently  com- 
posed of  quartz  and  iron  breccia;  and  in  the  northwest  part  of 
Granville  county,  an  extensive  range  of  slate  conglomerate 
occurs,  which  has  been  traced  to  the  Dan  river  in  Virginia, 
and  south  some  ten  miles.  This  bed  of  conglomerates  has 
a  very  steep  dip  from  60°  to  65°  and  occupies  a  belt  at 
at  least  one  fourth  of  a  mile  wide.  From  the  northwest  corner 
of  Granville  county,  the  Taconic  rocks  exiend  nearly  to  Rox- 
boro,when  they  are  discontinued  and  replaced  by  a  tabular  granite. 

This  belt  in  North  and  South  Carolina  consists  of  quartz 
which  is  developed  only  upon  a  limited  scale,  but  which  is 
accompanied  by  the  iron  breccia  as  in  Berkshire  county,  Mass., 
talcose,  chloritic  and  argillaceous  slates.  The  first  is  undistin- 
guisbable  from  those  of  Vermont  and  Massachusetts,  which 
occupythe  same  geological  position;  slate  conglomerates  as  in 
Granville  county,  and  extending  into  Virginia;  quartzile  which 
is  far  more  abundant  among  the  slates  than  in  Massachusetts. 
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Beds  and  ranges  of  argillaceous  slates  of  various  colors  seem  to 
be  distributed  without  much  order;  or  in  other  Mords  it  is 
impossible  to  trace  them  far  in  the  direction  of  their  strike. 
Another  range  of  the  Taconic  slates  passes  through  Johnson 
county.  It  is  exposed  near  Smithfield.  In  range  of  this  belt,  a 
similar  rock  crops  out  near  Gaston,  and  appears  three  or  four 
times  on  the  road  to  Weldon.  The  Johnson  slate  is  separated 
from  the  slates  and  conglomerates  of  Orange  and  Granville,  by 
a  strong  belt  of  primary  rocks,  among  which  granite  is  the  most 
conspicuous  member.  It  overlies,  I  believe,  the  hornblende 
and  gneiss  and  mica  slate  rocks,  and  in  this  respect  is  similar  to 
the  Maine  granites;  it  appears  to  have  been  ejected  through 
fissures  and  to  have  overflowed  the  primaiy  schists.  They  are 
exposed  as  underlying  masses  at  Warrenton  in  Warren  county. 

^32.  It  can  not  have  escaped  the  reader  that  the  limestones 
which  are  so  important  and  prominent  in  the  series  on  the 
western  side  of  the  Blue  ridge  and  Hoosick  and  Green  mountains 
is  probably  wanting  in  the  series  I  have  just  described.  In 
North  Carolina  I  have  not  discovered  it,  and  I  have  made  only 
imperfect  examinations  in  South  Carolina  on  the  line  in  which 
this  series  is  prolonged.  In  Virginia  there  is  a  range  of  blue 
limestone  at  Gordonsville,  but  it  scarcely  passes  further  south. 
It  appears  to  belong  to  the  series  I  have  just  noticed  in  North 
Carolina. 

At  Gordonsville  there  are  soft  talcose  slates  reddish  white, 
and  in  connection  with  it,  or  nearby,  there  are  beds  of  slaty 
blue  sparry  limestone,  dipping  southeast.  Westward  of  Gordons- 
ville the  rock  is  argillaceous.  In  this  connection  the  purple, 
red  and  green  roofing  slates  come  in.  They  are  similar  to  the 
slates  of  Maine,  which  contain  the  nereites.  They  are  the  pro- 
longed beds  of  roofing  slate  of  Chatham  county,  N.  C.  With 
the  latter,  thick  seamy  beds  of  conglomerates  occur.  The  roof- 
ing slates,  west  of  Gordonsville,  Albemarle  county,  are  suc- 
ceeded by  thick,  heavy  beds  of  green  chloritic  slates,  and 
alternate  with  them;  they  are  seven  miles  east  of  Charlottesville. 
These  beds,  as  we  approach  Charlottesville  become  more  and 
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more  like  the  cnrrvspondiDg  forroalion  at  Frank! inville,  Raii- 
tiolph  county,  N.  C 

Ont-  mile  east  of  Charlottesville,  near  the  bridge,  the  slates 
and  thick  bedded  cbloritic  massefi  have  been  altered  by  heat, 
having  become  hanl  and  epidotic,  accompanied  with  a  few 
scams  of  asbestus  So  also  iu  a  cut  for  the  rail  rood  neai  by,  1 
found  thin  seams  of  specular  iron.  Tbe  rock  is  also  cut  up  by 
seams  of  milky  quartz.  When  the  rock  is  unaltered,  it  is  soft, 
green  and  resembles  the  rocks  of  Randolph  and  Chatham 
county,  N.  C,  which  are  associated  with  conglomerates.  They 
also  ilecom  pose  and  form  a  deep  red  soil.  These  Taconic  rocks 
are  interrupted  at  Charlottesville,  at  the  university,  by  sienites 
which  are  protruded  among  the  slates  near  their  junction  with 
the  primary  rocks  which  now  come  in  and  succeeds  them  on  the 
west.  I  saw  indications  of  conglomerates  in  the  vicinity,  but 
none  in  place;  but  the  whole  formation  between  Gordoosville 
and  Charlottesville  is  almost  identical  with  that  of  Randolph 
and  Chatham  counties,  in  N.  C, 

^  3-2.  It  is  difficult  to  describe  in  a  satisfactory  manner  the 
unfinished  series  of  the  Taconic  rocks  in  the  southern  slates. 
They  are  widely  spread  out,  but  as  they  have  disintegrated  and 
the  debris  remains  in  place,  it  is  impossible  to  make  out  the 
succession  as  it  really  is.  It  has  therefore  been  described  as  a 
wide  belt  consisting  of  a  few  members  only,  and  as  extending 
northeastwardly  and  southwestwardly,  and  dipping  generally  to 
the  northwest  at  a  .steep  angle.  That  these  rocks  are  all  sedi- 
ments seems  to  be  established  by  the  relations  they  hold  to 
conglomerates  and  brecciated  conglomerates,  Tliis  series 
represents  tiie  lower  Taconic  rocks  if  lithological  characters 
may  be  relied  upon,  No  carboniferous  or  black  slates  appear 
in  the  series  in  South  or  North  Carolina,  or  in  Virginia. 

4  33.  Another  remark  seems  to  be  called  for,  viz;  that  the 
North  Carolina  series  belongs  to  those  isolated  fields  of  Taconic 
rocks  which  occur  in  Rhode  Island  and  Maine.  They  occupy 
the  same  relations  to  the  principal  mountain  chain  which 
traverse  the  country  from  the  northeast  to  the  southwest. 
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I  have  stated  that  this  belt  of  rocks  is  prolonged  from  North 
arolina  into  Virginia.  An  interesting  locality  within  the 
state  last  named,  for  illustrating  the  changes  which  rocks  have 
sonietimes  undergone  through  the  agency  of  heat,  may  be 
witnessed  at  the  rail  road  crossing  leading  from  CharlottesviUe 
to  Staunton.  On  the  east  side,  and  upon  the  flanks  of  the 
Blue  ridge  the  chloritic  slates  seem  to  have  become  massive, 
accompanied  also  with  the  development  of  epidote  in  nests  and 
geodes;  and  indeed  masses  seem  to  be  semi-epidotic  throughout. 
But  I  did  not  observe  at  this  crossings  the  primary  schists, 
gneiss,  mica  and  talcose  slates,  or  well  developed  hornblende 
rocks.  If  I  was  disposed  to  assume  that  the  rocks  of  the  Blue 
ridge  were  only  the  altered  rocks  of  th^  lower  Silurian  or 
Hudson  river,  for  example^  I  would  refer  the  reader  to  this 
locality  for  proof.  But  the  character  of  the  Blue  ridge  and 
that  of  the  Green  mountains  of  Vermont,  can  not  be  changed 
by  such  local  phenomena;  and  it  seems  to  me  a  waste  of  words 
to  state  the  facts  which  refute  an  assumption  so  palpably 
erroneous  as  that  respecting  the  rocks  of  the  Green  mountain 
range.  I  refer  to  the  assumption  that  the  Green  mountains  are 
composed  of  the  altered  masses,  which  are  known  as  the 
Hudson  river  rocks.  But  I  may  present  here  another  view  which 
discredits  this  assumption,  it  is  that  which  recognizes  in  the 
Taconic  system  the  source  from  which  its  materials  have  been 
derived;  such  is  the  similarity  of  the  coarse  particles  of  the 
quartz,  and  its  conglomerate,  gneiss  and  mica  slate,  that  w^e 
are  not  left  in  doubt  a  moment  respecting  their  origin;  we  may 
trace  the  materials  to  the  parent  rock,  and  this  parent  rock  is 
a  constituent  part  and  member  of  the  Green  mountain  range,  a 
preexisting  series  which  have  furnished  the  debris  from  which 
the  Taconic  system  has  been  constructed.  From  this  fact  it 
follows,  that  in  whatever  light  we  may  view  the  Taconic  system^ 
either  as  an  independent  system  or  as  an  altered  series  of  the 
age  of  the  Hudson  river  group,  the  Green  mountain  rocks 
themselves,  can  not  be  regarded  as  of  the  age  of  the  latter. 
Neither  is  there  any  evidence,  any  monuments,  or  phenomena 


which  will  jusliry  the  nssuinption.  ibal  (lie  gnei 
cose  ttlales  ami  tioriiblenile  of  tbc  Greco  and  Hnosickc  mautilains 
were  ev.er  sediments  at  all.  Aiihouf-li  1  have  not  staled 
all  ths  tads  respecting  the  lower  stries  of  TaLionic  rocka 
in  the  foregoing  pages,  still  tlie  litiiits  within  which  i  pro- 
pose to  restrict  myself  will  not  alinw  ofjurllier  details.  1 
have  shuwn  in  numerous  sections  that  the  seijucnce  of  the 
members  of  this  part  of  the  system  difli-r  luatenHly  from  the 
lower  Silurian,  and  that  the  dili'erence  tan  not  have  arisen  from 
a  local  accident  or  occurrence  as  we  ate  aecustonieil  to  regard 
a  few  local  changes,  but  must  he  due  to  genera!  facts,  such  as 
prevail  from  Maine  to  Georgia;  and  as  the  lower  Silurian  lies 
along  a  belt  nearly  parallel  with  tbc  Tacouic  s)stem,  and  btill 
■  the  members  of  this  system  dttTer  so  much  from  each  other,  I 
feel  justified  in  the  opinion  that  these  systems  ar«?  unlike  aod 
diffei  in  age,  and  can  not  be  brought  into  correlation.  It  is 
not  metamorphism  which  causes  this  dili'erence;  mctamorphism 
has  nothing  to  do  with  sequence.  It  is  not  by  intercalated 
beds  that  the  Tauonic  ^ysl<-m  exceeds  in  tliii-kncss  the  Silurian. 
It  is  not  to  metamorphism  that  we  are  to  attribute  the  general 
absence  of  fossils,  for  a  Inrge  proportion  of  the  roeks  are  not 
raetaraorphic.  Those  who  maintain  then  that  the  Taconic 
system  is  identical  with  the  Silurian,  are  bound  to  show  how 
these  important  differences  are  lo  be  reconciled.  They  are  not 
due  to  an  inverted  axis  and  if  not  due  to  one  or  the  other  of  the 
causes  I  have  named,  it  follows  that  the  distinct  ions  are  essential 
and  not  accidental,  and  we  are  required  to  consider  tiie  systems 
themselves  as  different  systems." 


•  Since  tlie  foregoing  was  written  I  have  oliserved  tljat  Jlr,  Hull  a?sumes  lliat 
the  sl»te«  of  ytaine  in  whirli  tlio  ao  calleil  iion^iles  uevar,  iiru  .'ilher  Cart>on- 
iferoUB  or  Devonian.*  As  in  the  case  of  lln-  assunijition  i-cs pitting  the  rocks 
of  llie  (Jreen  moiintnins  ot  Vermont,  n>  in  this  il  B<i>nis  a  wusloof  lime  lo  add 
facte  lo  dis])rovc  a  mere  ns^umirtiun.  In  tlii?i  ease,  howuver,  il  may  Ix-  well  to 
inquire  what  fo.isils  of  this  loealitj-  liave  ever  been  found  of  this  aijt-,  anil  as 
tlie  doctrine  of  metamorphism  can  nut  ha  adduued  to  stiMtuiii  theassumptioll, 
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§  34.  Roofing  Slates. — Roofing  slates,  if  I  rightly  interpret 
the  phenomena  of  the  districts  where  Ihey  occur,  are  found 
both  beneath  and  above  the  limestone  which  is  marked  2  in 
sections  1  and  2.  They  can  not  however  \>e  restricted  to  these 
positions.  But  the  beds  which  I  propose  to  describe  now, 
occupy  those  places. 

The  beds  below  this  limestone,  however,  scarcely  differ  from 
those  above.  Of  this  I  have  satisfied  myself  alter  an  examina* 
tion  of  the  slates  taken  from  certain  beds. in  Columbia  county, 
N.  Y.,  about  three  miles  south  of  East  Canaan.  Their  charac- 
ters scarcely  differ  from  those  of  Hoosick  in  Rensselaer  county, 
belonging  to  beds  which  I  believe  are  above  this  limestone. 
The  Columbia  slates  are  blue,  green,  or  greenish  and  purple. 
They  split  evenly  and  appear  hard  and  sound,  and  sufficiently 
firm  to  resist  the  action  of  the  weather. 

The  beds  may  be  observed  in  the  road  between  East  Canaan 
and  the  state  line.  The  quarries  are  not  opened  on  this  road, 
but  just  beneath  the  limestone,  fine  blue  fissile  slate  occurs  in 
thick  beds.  I  regard  these  beds  as  older  than  those  which  have 
been  opened  at  Hoosick.  There  can  be  no  doubt  of  the  rela- 
tions which  the  Columbia  slates  bear  to  the  limestone  I  have 
referred  to,  but  I  am  unable  to  state  the  thickness  of  these  beds 
in  consequence  of  their  concealment  under  drift. 

From  the  view  which  I  have  taken  of  the  relations  of  the 
lower  Taconic  rocks,  it  follows  that  the  slates  beneath  the 
limestones  have  increased  in  thickness  in  their  westward  ex- 
tension. These  are  also  finer  and  much  more  even  bedded,  and 
contain   but   little   quartz   either  in  dissemination,  in  grains, 


and  as  there  are  no  fossils  belonging  to  either  of  the  systems,  it  must  be  erro- 
neous. The  most  delicate  imprints  are  preserved  in  the  slates  of  Watenrille, 
and  here  the  coarse  and  prominent  fossils  of  the  Devonian  or  Carboniferous 
should  be  found,  besides,  there  is  not  the  least  resemblance  to  the  Devo- 
nian in  mineralogical  characters ;  but  the  rooks  of  this  system  of  slates  re- 
semble the  rocks  which  occupy  the  same  jwsition  in  Rensselaer  and  Wash* 
ington  counties,  in  New  York,  as  well  as  the  slates  which  extend  through. 
the  southern  states. 


I 


baret  of  irvo  in  fine  parlidn  koA^  f 
■ikil  it^ioji  ihe  sUte  sooaer  or  tater  by  its  decompanttoa. 

^  35,  The  beds  of  moAn^  slate  and  wliicli  aresitiiatn)  above 
the  ]itaeSloar%,  are  the  best  known  2I  the  Hooskrlc  tjmrries. 
Tbr^  bare  been  extensively  o[>cned  al  Hoosick  Four  C^oraen 
awl  at  North  Hoosick-  The  slares  are  blue,  fine  grained  and 
even  bedded.  At  North  Hoosick,  slates  of  a  suitable  tbicknes 
for  roofing  have  been  obtained  fire  feet  )mg  and  two  feel  wide. 
One  surface  of  the  slab  was  as  perfect  as  could  bare  been  m&de 
with  a  plane. 

The  dip  of  the  rock  is  east  30°  south.     The  angle  ol  dip 
45°.    There  are  local  rariations,  both  as  to  Ibe  direction  ■ 
angle  of  dip. 

The  most  intcfesling  fact  respecting  the  Hoosick  slate  is^ 
that  the}-  contain  foGsils,  and  so  for  as  discoreries  bare  as  yet 
becD  made,  Ihey  are  the  lowest  and  oldest  rocks  in  which  fossils 
occur  in  this  system. 

A  difference  of  opinion  existed  at  one  time,  respe^ng  the 
class  I0  which  ihey  belonge*):  from  their  clow  r«enih]ance  in 
texture  to  fucoids  in  the  tJass  and  slates  of  Washington  county, 
they  were  regarded  as  vegetables,  I  still  cnierlain  douljts 
upon  the  question,  but  as  it  seems  lo  be  generally  conceded 
that  they  are  animals,  belonging  to  the  family  of  graptolites, 
1  am  disposed  to  concur  in  that  opinion. 

As  in  the  lower  roofing  slates  so  in  these  it  is  difficult  to 
determine  their  thickness.  It  is  evident  that  a  dislocation 
exists  at  Hoosick  lalls,  three  miles  northwest  of  the  quarries. 
This  dislocation  pursues  a  route  which  leaves  the  quarries, 
about  half  a  mile  in  a  straight  line,  lo  the  eastward.  The  first 
quarries  which  were  opened,  were  near  this  line  of  dislocation 
at  a  place  on  the  west  side  of  the  Hoosick  at  the  bridge.  West- 
ward, the  slate  forms  the  base  of  the  hill.  Going  east  how- 
ever from  the  old  quarry  at  the  bridge  of  which  I  have  spoken, 
the  series  of  beds  is  unbroken.  A  good  section  may  be  obtained 
by  following  up  a  small  stream  about  half  a  mile  southwest  from 
Hoosick  falls  which  runs  down  the  slope  of  the  hill,  where  the 
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quarries  are  opened.  This  stream  lays  the  rock  bare  at  many 
places,  disclosing  a  uniform  dip  and  a  regular  succession  of 
beds.  The  same  mass  of  slate  extends  at  least  a  mile  in  a 
direct  line  east  from  the  quarries,  passing  over  a  wide  ridge, 
at  the  base  of  which  it  is  probable  there  is  another  dislocation. 
The  next  ridge  east  is  still  slate.  But  if  the  estimate  of  thick- 
ness is  based  upon  that  part  of  the  series  which  forms  the  ridge 
spoken  of,  the  entire  mass  is  5000  feet  thick.  The  lower  part 
of  this  mass  is  silicious,  and  coarse,  anH  resembles  the  rock 
which  overlies  the  limestone  near  the  state  line.  It  soon 
becomes  softer,  finer  grained,  in  the  ascending  series  of  beds. 
But  as  a  whole  it  is  a  roofing  slate  and  I  have  not  been  able  to 
discover  those  bids  of  sandstone  which  resemble  those  so  com- 
mon in  the  higher  part  of  the  series.  The  slates  therefore  form 
a  mass  which  are  properly  worthy  of  a  distinct  notice;  and,  as 
they  contain  the  oldest  fossil  known,  they  become  still  more 
interesting  as  a  series  of  beds. 

The  graptolites  are  confined  to  a  limited  space.  In  this 
respect  they  agree  with  all  fossils  belonging  to  the  oldest  series 
of  rocks. 

There  are  probably  two  species,  but  as  the  impressions  they 
have  left  are  obscure,  I  have  figured  but  one,  selecting  that 
whose  characters  are  preserved  the  best. 

§  36.  Roofing  slates  extend  southwards  through  Pennsylvania, 
Virginia  and  North  Carolina.  Those  of  Albemarle  county  in 
Va.,  are  fissile  and  generally  blue,  but  purple  and  red  beds 
occur.  In  Chatham  county  in  N.  C,  upon  Rocky  river,  light 
green  slates  are  abundant  which  split  in  very  thin  lamina  on 
being  heated.  Six  miles  north  of  the  Gulf,  Chatham  county, 
fine  purple  slates  have  been  discovered,  but  as  there  is  a  cover- 
ing of  soil  it  is  diflScult  to  determine  whether  they  are  of  any 
value  commercially.  Geologically  they  show  the  persistence  of 
the  rock.  It  should  be  stated  that  those  of  Albemarle  county, 
Va.,  and  Chatham,  N.  C,  are  upon  the  east  side  of  the  Blue 
ridge.  They  probably  belong  to  the  oldest  beds,  or  those 
which  lie  beneath  the  limestone.    In  North  Carolina,  I  have 


ABSKNCE  OK  CARBON  AND  ABSENCE  OF  KOSSII^   IN   THE   U>WKR 
TACONIC  BOCKS,  ETC. 

^  37,  The  absence  of  fossils  in  the  lower  Taconic  rocks  ex- 
cepting in  the  Hoostclf  slates,  has  been  attribut<-<]  Id  the  ih»nt;es 
which  they  have  undergone  bj  the  agency  of  heat.  This 
doctrine,  however,  should  not  be  adopleil  without  an  examina- 
tion of  its  daims  to  our  belief. 

If  the  relations  of  Uraestone  of  Beikshire  are  carefully  ex- 
amined it  will  be  found  that  they  were  ileposiied  upon  <eilinients 
beneath  some  1000  feet  thick.  The  question  then  comes  up,  is  it 
probable  that  sufficient  caloric  couid  have  penetrated  through  this 
thick  mass  of  different  rocks  varying  corsiderably  in  their  con- 
ducting power  to  have  given  the  partidesof  carbonate  of  lime 
that  mobility  so  necessary  to  their  crystallization — for  it  must 
be  conceded  that  it  is  only  through  this  thick  series  of  rocks 
that  heat  could  have  affected  the  limestone,  since  porphyries, 
trap,  or  pyroplaslic  rocks  are  wanting  through  the  Taconic  range. 
Not  only  are  the  traps  rare  in  this  range  but  dykes  of  injected 
rocks  are.  rare  in  a  large  part  of  the  Hoosick  mountain  range. 

If  we  turn  our  attention  to  the  slates,  they  appear  to  be 
formed  of  materials  scarcely  differing  in  the  condition  they 
were  before  consolidation  had  taki'n  place.  If  the  breccias 
and  conglomerates  are  examined  their  fragments  are  still  like 
those  of  the  parent  rock. 

When  the  color  and  grain  of  the  Berkshire  marble  is  compared 
with  that  of  the  Trenton  limestone  in  the  southwestern  part  ol  Vir- 
ginia, the  color  as  white  and  the  crjslallization  is  nearly  as  per- 
fect in  the  latter  as  the  former,  and  yet  the  fossils  are  preserved  in 
the  latter  with  all  the  distinctness  and  perfection  that  they  are  at 
Trenton  falls  in  N.  Y.    Crystallization  does  not  obliterate  fossils. 


ORlGliNAL  POSITION,  ETC,   OF  THE  TACOMC  SYSTEM.  43 

I  infer  from  the  foregoing  facts  that  there  is  little  probability 
that  animals  and  plants  existed  at  the  time  the  Berkshire  lime- 
stone was  depbsited. 

At  this  period  there  seems  to  be  an  absence  of  carbon.  The 
dark  color  of  the  limestones  of  Berkshire  is  due  to  the  slates 
or  else  to  sulphuret  of  iron,  and  besides  the  uncrystallized 
gray  limestones  of  southwestern  Virginia  and  Tennessee  are  as 
destitute  of  fossils  as  the  Berkshire  marbles. 

Again  I  remark  that  it  follows,  that  the  absence  of  fossils  is 
due  to  the  period  and  not  the  condition  of  the  rocks;  and  hence 
too,  it  follows  on  palaeontological  grounds  the  Taconic  system 
is  distinct  from  the  Siltirian.  It  may  be  laid  down  as  a  principle 
in  geology  that  in  all  countries  the  formations  are  to  be  worked 
out  and  detefknined  on  evidences  furnished  by  each  country 
respectively.  American  geologists  will  not  try  their  formations 
exclusively  by  those  of  England  or  Russia. 


ORIGINAL  POSITION  AND  VARIABLE  THICKNESS  AND  EXTENT  OF 
TIIE  MEMBERS  COMPOSING  THE  TACONIC  SYSTEM.  LONG  PERIOD 
OF  REPOSE  DURING  WHICH  THE  MEMBERS  WERE  DEPOSITED, 
ETC. 

§  38.  That  the  present  condition  and  relations  of  the  mem-*^^ 
bers  of  the  Taconic  system  may  be  understood  and  made  in- 
telligible to  the  student^  I  have  presented  in  a  diagram  the 
original  position  of  the  members  of  the  series  as  they  were 
probably  deposited.  It  is  designed  to  illustrate  also  the  facts 
respecting  the  variable  thickness  of  the  members  of  the  series 
at  different  places  and  their  discontinuance  in  consequence  of 
thinning  out,  and  the  limited  area  over  which  some  of  them 
were  expanded,  and  the  probable  fact  that  the  plane  of  deposit 
was  subject  to  oscillations,  or  an  upward  movement  in  consequ- 
ence of  which  the  superior  rocks  would  not  be  extended  far 
enough  towards  the  base  of  the  system  as  to  cover  or  overlie 
the  oldest  members  of  the  series,  their  outer  margins  would  be 
confined  within  the  outer  rim  of  the  basim 
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Of  all  the  members  of  the  series,  it  is  probable  the  i 
glomerates  and  quartz  rocks  arc  the  most  limited,  or  confined  j 
to  the  smallest,  and  the  slates  and  limestones  are  the  mMt  ex- 
panded or  spread  out  ovci  the  largest  areas. 

In  the  Taconic  system  we  have  the  usual  evidence  of  a  loD|f  J 
period  of  repose  during  which  the  rocks  were  formed,  tot  J 
althougb  these  may  have  been  feeble  upward  movements  a 
slated  in  the  Foregoing  paragraph,  atill  ihe  evidence  seems  to  I 
be  that  disturbances  of  the  soil  were  scarcely  greater  than  I 
during  the  period  when  the  Silurian  rocks  were  deposited. 

Towards  the  close  however  of  the  Taconic  period,  we  harc  I 
abundant  evidence  of  a  change  in  the  condition  of  the  surface,  1 
for  we  find  brecciated  conglomerates  among  Ihc  upper  members  j 
of  the  series,  and  besides  at  many  points  where  the  junction  of  I 
the  lower  Silurian  and  Taconic  rocks  are  exposed,  we  may  < 
observe  that  the  beds  of  the  latter  are  inclined,  or  had   under^  | 
gone  a  change  of  position  prior  to  the  deposition  of  the  former. 
When  they  received  their  present  steep  southeasterly  dips  J 
not  easily  determined,  but  that  it  was  just  prior  to  and  during 
the  lower  Silurian  period  is  probable  from  the  fact  that  the 
outliers  of  this  system  were  not  expanded  over  tiie  lower  .beds 
of  the  Taconic  system  in  consequence  as  it  would  seem  of  the 
elevation  which  the  surface  had  undergone.    In  confirmation  of 
these  views  I  shall  show  that  this  period  was  one  which  was 
marked  by  numerous  fractures  and   the  intrusions  of  trap  and 
metallic  veins. 

But  leaving  for  the  present  the  consideration  respecting  the 
period  when  the  roiks  of  the  Taconic  system  received  their 
present  dip  and  position,  I  may  observe  that  as  a  general  fact 
they  dip  towartis  the  southeast  at  an  angle  varying  from  20°  to 
45°,  and  even  frequently  ihey  are  much  steeper.  This  inclina- 
tion furnishes  so  few  exceptions  thai  it  may  be  regarded  as  a 
general  fact.  In  consequence  of  this  fact  we  are  obliged  to 
offer  some  explanation  which  sliall  account  satisfactorily  for 
the  apparent  position  by  which  the  newer  rocks  appear  to  be 
older  than  those  which  lie  at  the  base  of  the  system. 
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This  explanation  it  appears  to  me  is  found 
in  the  numerous  dislocations  which  are  known 
to  exist  in  the  belt  of  country  occupied  by 
these  rocks,  and  whose  geographical  position 
in  New  York,  Massachusetts  and  Vermont,  is 
upon  the  western  slope  of  the  Green  moun- 
^  tains  and  which  is  bordered  on  the  west  by 
the  Hudson  river  and  Lake  Champlain*  If 
we  take  our  departure  from  the  Hudson  river 
and  travel  east  or  rather  east  15°  to  20°  south 
we  pass  over  the  series  at  right  angles  to  the 
direction  of  their  dip,  and  if  we  take  no  notice 
of  the  dislocations  which  intervene  between  the 
river  and  the  mountain  range,  our  inference 
would  be  that  we  were  passing  from  the  older 
to  the  newer. 

If  we  take  notice  however  of  the  disloca- 
tions we  shall  find  the  series  broken  up  into 
sef^ments,  each  successive  segment  embracing 
a  series  older  and  below  the  one  immediately 
west  on  the  line  of  our  section.  In  some 
instances  it  is  true  (here  is  a  repetition  of  rocks, 
and  probably  each  segment  always  embraces 
members  or  parts  of  them  which  appear  there 
in  consequence  of  a  repetition  in  two  or  more 
adjacent  segments. 

On  reference  first  to  figure  8,  which  repre- 
sents the  original  position  of  the  rocks  of  the 
Taconic  system,  we  can  readily  conceive  that 
3  series  of  dislocations  occurring  at  2,  5,  7, 
and  8,  would  bring  up  ail  the  members  of  the 
system.  The  dislocations  through  6,  7,  8, 
'  would  place  the  members  of  two  segments  in  a 
position  which  would  cause  the  newest  member 
13,  of  segment  8,  to  dip  beneath  segments  6, 
and  7,  embracing  the  limestone  and  roofing 
slates  already  described. 

*  I  am  obliged  to  Insert  in  ttiis  note,  that  I  do  not 
UEome  Out  th«  Hadson  river  or  Lake  Qiamplkiu  »ra  neceuarllj  boiuid&rieB 
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This  fact,  however,  may  be  better  understood  by  reference  to 
figure  1,  where  the  present  relations  of  these  members  3,  2  and 
4^re  given.  If  this  view  is  admitted,  it  exhibits  a  true  suc- 
cession when  the  series  is  taken  irt  segments.  Other  views 
have  been  ofTei^d  in  explanation'  of  the  phehomena,  and  as  I 
can  not  perceive  in  the  geological  statics  of  the  region  reasons 
for  adopting  a  different  interpretation  of  facts,  I  prefer  the  one 
I  have  given,  as  it  appears  the  most  simple.  It  is  important 
to  obflerve  in  this  connection  that  the  force  which  breaks  the 
continuity  of  the  strata,  exerts  its  maximum  power  nearest  the 
mountain  chains  and  hence,  it  may  be  regarded  as  proceeding 
outward  from  it;  and  hence,  too,  the  frequeney  of  fractures  the 
nearer  the  rocks  are  to  the  mountain  chain.  This  statement 
appears  to  be  sustained  by  the  Williamstown  section,  figure  1, 
where,  in  the  space  of  two  miles,  no  less  than  5  distinct  and 
well  defined  fractures  or  dislocations  may  be  observed. 

So  in  section  2,  at  the  eastern  base  of  Saddle  mountain,  and 
at  its  western  base,  this  high  range  is  interposed  between  two 
valleys;  and  about  one  mile  from  the  dislocation,  Stone  hill 
breaks  in  upon  the  continuity  of  the  valley,  with  a  fracture  on 
each  side,  which  runs  also  along  the  base  of  the  Taconic  range 
which  lies  between  Williamstown  and  Petersburgh.  There  is 
another  class  of  phenomena  which  obscures  the  true  explana- 
tion in  cases  similar  to  the  one  I  have  had  under  examination. 
There  can  be  no  doubt  that  hundreds  of  feet  of  solid  rock  have 
been  removed  by  denudation,  and  certain  rocks  at  exposed  points 
have  been  entirely  removed.  Thus  from  Oak  bill,  in  Williams- 
town, Berkshire  county,  the  series  is  wanting  in  two  or  three  mem- 
bers whose  aggregate  thickness  is  at  least  2,000  feet;  the  quartz 
near  the  summit  retains  in  perfect  freshness  diluvial  grooves. 
It  will  be  recollected  that  quartz  which  corresponds  to  this 
upper  mass  of  Oak  hill,  crops  out  at  the  foot  of  Saddle  moun- 


to  the  Taconic  sysUmi.  But  that  it  disappears  nearly  on  this  line,  is  a  fact. 
It  is  here  that  it  meets  with  the  thick  and  heavy  beds  of  the  lower  Silurian, 
beneath  which  it  is  concealed. 
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tain,  and  heavy  beds  of  slate  and  limestone  overlie  it.  There 
can  be  no  dotibt,  that  those  overlying  slates  and  limestone  over- 
laid also  the  quartz  of  Oak  hill.  If  so,  these  masses  have  been 
removed.  Members  of  the  series,  therefore,  may  be  wanting  at 
m^ny  places,  and  hence  the  true  succession  may  not  be  made  out. 

§39  An  inspection  of  figure  (last  referred  to,)  shows  that 
the  entire  thickness  of  a  series  can  not  be  made  out  at  any  given 
pl^ce,  as  some  of  the  lower  (misses  thin  out  before  the  upper  are 
deposited  above  them.  Henqe  we  are  unable  to  determine 
either  the  true  succession  or  the  upper  members  of  the  series  at 
or  near  the  base  of  the  systeip.  This  is  the  case  with  the  Ta- 
conic  system,  the  members  do  not  extend  eastward  to  Hoosick 
mountain,  and  probably  never  extended  so  far  eastward,  and  pro- 
bably too  the  lower  members  which  lie  against  Hoosick,  or  the 
Green  mountain,  do  not  expend  ^  far  as  the  valley  of  the  Hudson. 

The  greatest  obscurity  in  the  succession  of  the  rocks  arises 
from  dislocation  and  diluvial  action  combined,  and  this  obscu- 
rity is  the  greatest  at  the  junction  of  two  rocks,  whose  litho- 
logical  chaiacters  are  alike.  Thus  the  Taconic  and  Hudson 
river  slates,  meeting  as  tbey  do,  in  the  valley  of  the  Hudson, 
perplexes  almost  ajl  obsei;vers.  The  difficulty  is  increased  in 
consequence  of  the  mechanical  eC^ts  which  the  dislocation  has 
produced  upon  the  adjacent  rocks.  AH  vestiges  of  fossils  in  the 
soft  slates  are  destroyed  by  the  crushing  which  the  rocks  have 
undergone,  and  hence  it  puts^  it  out  of  our  power  to  make  out 
the  line  of  demarkation  at  certain  points  between  the  two  sys- 
tems. The  Taconic  rocks  in  consiequenoe  of  this  disturbance 
are  elevated  higher  along  the  margin  of  the: Hudson,  than. the 
slates  of  the  Hudson  river  group.  Many  geologists,  in  conse- 
quence of  this  fact,  maintain  tbat  the  former  are  the  equivalents, 
of  this  part  of  the  Silurian  system)-  I  shall  give  most  decisive 
ev.idepce  that  this  vi^w  is  erroneous.  I  have  offered  the  fore- 
going explanation  respecting  the  phenomena,  which  are  calcu- 
lated to  pbscure  the  relations  which  subsist  between  the 
members  of  the  Taconic  system-  It  seemed  proper  to  do  this 
before  I  described  the  upper  members  of  the  system. 
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SUMMARY  OF  FACTS  HESPECTINQ  THE  LOWER  TACONIC  fiOCKS, 

§  40.  1.  I  have  shown  that  the  lower  Taconic  rocks,  though 
(Mice  reganffd  a."  mcmiwrs  of  the  primary  series,  are  truly  sedi- 
menta,  the  be<ts  of  conglomerates  giving  and  furnishing  ample 
proof  of  the  doctrine. 

2.  That  the  sediments  are  derived  from  the  pyrocrystalline 
rocks,  al  least  in  part,  from  the  debris  of  those  which  compose 
the  Green  mountains  and  the  Blue  ridge. 

3.  That  they  extend  from  Maine  to  Georgia,  flanking  con- 
tinunusly  the  ranges  I  have  spoken  of  on  the  west  side,  or  else 
forming  distinct  ranges  by  themselves.  Un  the  east  side,  the 
development  of  the  members  is  ample,  yet  not  so  petfect  as 
upon  the  west  side,  and  moreover  differ  from  them  in  certain 
lithological  characters  which  show  certain  differences  in  the 
circumstances  which  attended  their  deposition.  Slates  predomi- 
nate on  the  east  side,  and  masses  of  chert  are  extremely 
common. 

4.  The  relations  and  composition  of  the  members  prove  that 
they  are  distinct  from  the  Green  mountain  rocks  on  the  one 
hand,  and  Irom  the  lower  Silurian  on  the  olher.  The  quartz 
rock  of  Berkshire,  of  Buncombe  and  of  Cherokee  county,  is  not 
the  Potsdam  sandstone,  nor  are  the  marbles  and  limestones 
of  Berkshire  the  lower  limeslones  of  the  Silurian  system, 
neither  are  the  slates,  either  talcose,  magnesian  or  roofing 
slates,  shales  and  sandstones  the  equivalents,  or  corelativea 
of  any  rocks  which  are  known  to  belong  to  that  system. 
It  has  been  shown  that  there  is  no  similarity  in  kind,  there 
is  no  similarity  in  sequence,  and  there  is  none  in  fossils  to 
the  lower  Silurian  system.  None  of  the  differences  alluded  to, 
can  be  explained  by  metaraorphisra,  or  inverted  axes,  or  an 
inverted  axis  passing  into  a  fault. 

The  result  of  all  these  showings  is,  that  the  Taconic  system 
in  its  lower  members,  is  independent  of,  and  distinct  from  the 
Silurian. 
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5.  It  will  be  perceived  that  the  foregoing  conclusions  are 
founded  mainly  on  stratigraphical  evidence.  This  evidence  es- 
tablishes a  physical  group  which  can  not  be  brought  in  co-or- 
dination with  the  lower  Silurian  group  to  which  it  has  been 
compared.  This  group  is  mostly  anterior  to  the  organic 
period. 


THE  UPPER  DIVISION  OP  THE  TACONIC  ROCKS.  GENERAL  CHA- 
RACTERISTICS  OF  THIS  DIVISION.  GEOGRAPHICAL  POSITION. 
SUCCESSION  OF  THE  MEMBERS.  THEY  FORM  A  SINGLE  GROUP, 
ETC.  % 

§  40.  The  direct  succession  of  the  lower  division  having 
been  determined,  and  their  members  having  also  been  proved 
to  belong  to,  and  form  by  themselves  a  distinct  physical  group, 
I  shall  now  proceed  to  state  the  general  characteristics  of  the 
upper  division.  I  have  already  shown  that  the  lower  rocks  are 
represented  by  slates,  and  that  they  predominate  so  much  over 
the  quartz  and  limestones,  that  it  might  be  regarded  as  a  slate 
system.  In  the  upper  division,  slates  also  appear  in  great  force 
and  are  found  in  all  the  subordinate  groups;  yet,  it  can  not  be 
regarded  as  the  predominant  rock.  The  pure  argillaceous  slates, 
for  example,  never  form  thick  beds  without  soon  becoming  sili- 
cious  or  calcareous,  and  perhaps  both.  Silicious  slates  and 
silicious  bands  and  beds  are  every  where  interlaminated  with 
those  which  are  argillaceous;  and  besides  the  latter,  the  mag- 
nesian  series  seem  to  be  wholly  wanting,  and  are  not  represented 
at  all 

The  series  begin  on  the  west,  where  we  find  in  the  lowest 
beds  black  slates  and  black  calcareous  beds,  as  at  Easton,  Wash- 
ington county,  and  St.  Albans,  Vt.  The  black  slate  is  succeeded 
by  silicious  slates,  interlaminated  by  thin  beds  of  fine  grained 
sandstone. 

Ascending  still  higher,  slates  and  sandstones  continue  in 
which  also  we  find  thin  bedded  blue  limestones  without  fossils, 

succeeded  by  thicker  beds  of  sandstone.   Among  the  sandstones, 
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those  which  contain  carbonate  of  Ume  are  quite  pro 
and  may  be  found  in  at  least  ibree  beds;  tlit^  iblckrsl  ot'  which 
is  over  one  hundred  teet;  gray  sandstones,  inter! am inated 
with  slate;  thin  bedded  flatus,  with  fncoids;  cheriy  beds,  green 
slates,  one  or  more  beds  of  \'itreou8  quartz,  coarse  green  slates, 
shales  and  grits;  roofinj  slates',  blue,  grt-en,  purple  and  red; 
coarse  sandstone  and  coarse  shale  passing  into  sandstone  and 
conglomerates,  and  brecciatid  conglomerates.  The  latter  ter- 
minate the  series  eastward,  and  geographically  near  the 
Uoosirk  roofing  slates.  In  the  foregoing  brief  enumeration 
in  the  ascending  order,  the  rocks  follow  earh  other  in  a  con- 
fortunble  position,  and  beginning  with  thin  black  slates,  end  in 
thick  bedded  sandstone  and  conglomera'ps.  We  find  no  where 
the  marbles  of  the  Taconir  ran;je  or  their  representatives;  the 
quariz  rock,  or  its  representalivts;  the  magnesian  or  talcose 
rocks,  or  their  representatives;  and  moreover,  the  Columbia  and 
Rensselaer  roofing  slates  are  absent.  Hence  it  follows  that  the 
groups  must  be  lilhologically,  and  when  u  e  take  into  the  account 
the  order  ofhuperpositinn,lhey  must  also  be,  in  all  resprcts,  a  dif- 
ferent physical  group.  But  if  the  dip  and  conform  ability 
governs  the  succession,  we  are  obliged  to  regard  (he  series  as 
enormously  thick,  which  with  those  who  have  not  made  (he  neces- 
sary examinations  to  form  an  opinion  would  be  regarded  as  an 
objectionable  leature.  But  the  dip  and  conformabilily,  how- 
ever, should  govern  the  succession,  provided  proper  vigilance 
is  used  to  avoid  repetitions  of  the  masses  in  the  different  seg- 
ments of  a  section. 

There  are  two  modes  of  guarding  against  error  of  this  kind. 
The  first  is,  lo  become  so  well  acquainted  with  ihe  members  of 
the  series,  that  they  can  be  recognized.  The  second  is,  to 
examine  not  only  the  cross  section  on  the  line  of  traverse,  but 
to  examine  every  mass  which  crops  out  in  the  direction  of  the 
strike  where  it  may  be  concealed  on  the  line  of  traverse,  so 
that  when  the  rocks  are  concealed  in  a  cross  section,  they 
should  be  found  and  determined  on  the  lines  of  strike;  in  other 
words  the  succession  should  be  made  out  by  an  inspection  of  all 
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its  members,  some  where  near  the  line  selected  for 
examination.  I  can  only  say,  that  I  have  availed 
myself  of  all  the  means  in  my  power  to  insure 
accuracy,  and  after  examining  many  sectional 
lines,  I  am  obliged  to  accept  of  the  conclusion, 
that  the  series  are  enormously  thick,  and  that  it 
becomes  necessary  to  regard  the  western  rocks,  as 
the  oldest,  or  at  the  bottom,  and,  in  consequence 
of  this  decision,  the  succession  begins  wiih  the 
soft  black  slates  and  terminates  eastward  in  the 
conglomerates  and  brecciated  conglomerates  in 
the  neighborhood  of  the  Taconic  range. 

§  41.  I  propose  to  describe  in  the  next  place,  in 
detail,  the  series  as  they  are  known  in  Rensselaer 
and  \\  ashington  counties,  N.  Y.,  inasmuch  as  here 
they  may  be  regarded  as  representatives  of  the 
division,  and.  as  types  for  comparison  when  it 
becomes  necessary  to  speak  of  the  same  series  in 
their  prolongation  to  the  southwest. 

I  have  selected  for  my  first  section,  the  country 
lying  between  Comstock's  landing,  Washington 
county,  and  Middle  Granville,  a  distance  of  ten 
miles  in  an  easterly  direction.  This  section  is 
important  as  it  passes  over  in  the  first  place  the 
primary  and  lower  Silurian  rocks.  It  is  instructive, 
because  it  exhibits  the  relations  between  the  latter 
and  the  Taconic  system,  and  it  gives  us  a  very 
clear  succession  of  the  upper  rocks  of  the  system. 
The  sequence  of  the  series  is  given  in  the  annexed 
woodcut.  No.  9, 

A,  gneiss,  Comstock's  landing;  1,  potsdam  sand- 
stone with  the  overlying  calciferous  sandstone;  2, 
calciferous  sandstone;  3,  chazy  litiiestone;  4,  slates 
interlaminated  with  fine  grits  of  the  Taconic  sys- 
tem; 5,  overlaying  mass  of  chazy  limestone;  6, 
thin  bedded  sandstone  embracing  four  or  ^y^  thick 
beds  of  pallure;  7,  uneven  bedded  dilates  or  shales; 
8,  thin  bedded  sparry  limestone;  9,  bluish  slaty 
grits;  10,  calcareous  coarse  sandstone;  H.  gray 
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sandstone;  12,  flags  ccnlaioing;  fucoids  allematine  with  thin 
bedclpd  slates;  13,  beds  of  cherty  sandstone;  14,  blue  slates; 
15,  thick  bedded  spftrrj  lime;  16  and  17,  roofing  slates,  con- 
taining a  btd  of  sparry  limt-t<tone  ioriy  inches  thick.  These 
slates  are  blue,  purplish  and  red;  18,  hard  thick  and  thin 
bedded  coarse  Rrits;  19,  slates  with  beds  of  grits;  20,  red  slate; 
21,  slates  and  coariie  grits  alternating;  22,  sandstone  passing 
into  breccia  and  embracing  thin  beddeil  slates;  A,  dislocation 
Pond  mountain,  and  33,  (hick  bedded  s-.indstoue,  breccia  inter- 
lamioaled  slates.  These  upper  beds  are  lound  at  Bird  mountain, 
Grafton  and  Alps,  Rensselaer  county,  N.  Y. 

The  series  just  enumerated  and  briefly  described,  begins  at  a 
point  near  North  Granville  which  is  now  uncovered  by  removal 
of  the  lower  Silurian  limestones.  The  latter  extend  eastward 
OD  the  sectional  line  about  three  miles  and  a  half  from  Corn- 
stock's  landing  though  not  continuously.  The  Taconic  rocks 
are  exposed  in  a  gorge  through  which  the  Metlowee  flows,  and 
in  which  the  calciferous  is  exposed  in  one  place  abutting  against 
a  ledge  of  hard  Taconic  shales.  Farther  east,  perhaps  a 
quarter  of  a  mite,  the  chazy  limestones  containing  Maclurea 
magna,  may  be  observed  resting  upon  the  slates,  both  of  these 
rocks,  the  calciferous  and  chazy  limestone,  extend  beyond  the 
potsdam  sandstone. 

The  fourth  rock  in  the  ascending  order  consists  of  a  series  of 
black  slates  and  fine  grits.  The  dip  is  east,  varying  from  east 
to  east  10°  south.  Angle  of  dip  from  30°  to  57°.  A  part  of 
the  series  which  succeed  the  foregoing,  and  which  extend  to 
the  thin  bedded  chazy  limestone,  consist  of  tbln  bedded  sand- 
stone alternating  with  green  thin  bedded  slates,  embracing  a 
few  thick  bedded  sandstones.  I  am  unsible  to  state  their  thick- 
ness accurately,  but  have  estimated  it  at  1500  (eet.  The  thin 
bedded  blue  limestone  which  is  destitute  ot  fossils,  is  only  12 
feet  thick.  10,  The  calcareous  sandstone,  this  is  separated 
from  the  limestone  by  about  100  feet  of  bluish  slaty  grits  No. 
9.  The  calcareous  sandstone  is  a  coarse  grained  rock  contain- 
ing from  fifieen  to  thirty  per  cent  of  carbonate  of  lime,  and 
six  per  cent  of  oxide  of  iron.  Thr  carbonate  of  lime  is 
usually  dissolved  out  of  that  part  of  (lie  rock  near  the  surface, 
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and  hence  it  becomes  brown  and  porous  and  frequently  a  light 
spongy  mass  of  a  drab  color,  sometimes  it  is  a  coarse  brown 
friable  grit  of  slightly  coherent  grains  of  quartz. 

The  different  beds  of  this  rock  traverse  the  whole  county. 
Their  thickness  is  12, 15  and  even  100  feet.  They  are  situated 
near  the  beds  of  limestone,  being  separated  by  slate  and  slaty 
sandstone,  but  I  have  never  observed  that  the  calcareous  sand- 
stone ever  passes  into  the  sparry  limestone.  The  rock  which 
succeeds  the  calcareous  sandstone  is  a  gray  or  greenish  gray 
sandstone.  It  is  finer  than  the  former  and  does  not  weather 
to  a  drab,  or  disintegrate  so  much.  12,  Flags  containing  an 
abundance  of  fucoids.  These  masses  are  really  thick  bedded 
slates  splitting  into  layers  from  one  and  a  lialf  to  three  inches 
thick  These  alternate  with  thin  bedded  slate.  Above  the 
latter  there  comes  in  a  succession  of  cherty  beds,  vitrified 
masses,  mostly  thin  bedded  and  of  green  or  greenish  color. 
The  rock  breaks  with  a  conchoidal  fracture,  and  much  of  it  is 
a  perfect  hornstone,  and  is  about  100  feet  thick.  14,  Blue  slates 
which  contain  a  bed  of  quartz  30  feet  thick,  above  the  quartz 
rock  the  slate  becomes  coarse  and  is  really  a  gray  or  greenish 
gray  sandstone.  15,  Sparry  limestone.  16  and  17,  Roofing 
slates;  the  lower  beds  are  uneven  bedded,  but  pass  into  even 
bedded  roofing  slates  which  are  divided  by  a  lingular  bed  of 
sparry  limestone,  forty  inches  thick.  The  slates  are  very  firm 
and  free  from  sulphuret  of  iron.  They  are  blue,  purple  and 
red,  and  will  receive  a  high  polish. 

In  addition  to  the  common  material  for  roofing,  these  beds 
furnish  fine  even  beds  of  flagging,  two  and  two  and  a  half 
inches  thick,  which  appear  perfectly  solid,  and  in  which  it  is 
impossible  to  discover  the  slaty  cleavage  which  in  these  beds 
coincide  with  the  plane?  of  bedding. 

These  beds  occupy,  it  will  be  perceived,  a  position  considera- 
bly higher  than  the  Hoosick  roofing  slate,  and  it  will  be  seen 
also  that  their  relations  differ  materially  from  them.  They  con- 
tain branchin<^  fucoids,  but  no  graptolites  have  been  observed 
among  them.     Over  the  slates  I  find  a  gray  coarse  grit,  or  rough 


Baodstone  somewhat  similar  in  appearance  to  ibe  catcareoas8aDd> 
stone  or  grit  alreatJy  tiescribed.  The  bt'ds  are  liii  k  and  uneven, 
and  do  not  readily  split.  Between  tliesf  sandstones  and  the  brigbt 
red  slates,  thei  e  intervenes  a  thick  mass  of  slates  containing  harsh 
greenish  ^rits  The  red  slate  is  the  most  remarkable  rock  of 
the  series,  being  perfectly  well  defined  and  extending  through 
the  whole  country;  they  cross  the  road  at  Granville  corners  and 
pass  Middle  Granville  about  a  half  a  mile  to  the  east.  The  beils 
of  slate  is  150  yards  across,  and  have  an  angle  of  dip  about 
45°.  They  are  titanium  red,  and  stan<l  the  weather  better 
than  any  variety  of  slate  in  market,  Griis  and  slatts  into 
which  beds  of  sandstone  are  introduced  succeed  the  red  .slate,  and 
as  the  coarseness  increases,  the  sandstones  become  predominant, 
and  finally,  we  find  conglomerates  and  brecciated  conglomerates. 
They  are  exceeding  hard  and  tough,  and  are  only  slightly  sub- 
ject to  disintegration.  They  are  usually  greenish  and  olten  look 
like  porphyry.  Chlorite  forms  a  part  of  the  paste  in  which  the 
pebbles  are  inclosed.  This  series  terminntes  with  the  brecciated 
conglonicratcs.  This  lint-  of  si-clion  extends  iwelve  miles.  The 
average  dip  for  the  whole  distance  is  about  40",  and  as  the  suc- 
cession is  not  repi-atcd,  or  if  so  it  is  not  recognized,  the  thick- 
ness is  not  less  than  26,000  feet. 

In  comparing  the  series  with  the  Hudson  river,  we  can  not 
fail  to  observe  many  striking  ditTerenws.  The  grealest  thick- 
ness of  the  Hudson  river  slates  and  sandstone,  in  Albany  louuty, 
is  700  feet,  and  although  Prof.  H.  D.  Rogers  gives  6,000  feel 
as  the  maximum  in  Pennsylvania,  slill  in  Virginia  it  is  ool 
over  700  feet  on  the  western  slope  of  Walker's  njountai:!.  If 
wc  begin  an  examination  at  a  high  ridge,  Ihree-fourths  of  a 
mile  southwist  from  North  Granville,  and  then  extend  our 
course  ea^l  to  the  Pond  mountains,  we  keep  in  sight  the  several 
rocks  of  tlie  section,  or  we  need  not  lose  sight  of  them.  At 
the  western  base  of  the  Pond  mountain,  four  miles  east  of  Middle 
Granville,  tbei  e  is  probably  a  dislocation.  What  1  mean  to  assert 
is,  that  the  evidence  renders  it  jirubable  that  the  succession  is 
without  a  dislocalion,  or  repetition.     We  find  continually  new 
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members  of  the  series  in  the  ascending  order.  If  this  is  true, 
and  even  admitting  faults  and  dislocations,  the  series  forms  a 
physical  group  unlike  either  the  lower  Taconic  rocks,  or  the 
Hudson  river.  It  would  be  a  perfect  geological  anomaly  if  we 
succeeded  in  making  out  both  divisions  of  the  Taconic  system 
equivalents  of  the  Hudson  river  group.  The  upper  and  lower 
divisions,  however,  are  both  claimed,  but  the  sections  for  their 
illustration  show  that  neither  can  be  regarded  as  lower  Silu- 
rian; for  neither  one  nor  the  other  can  be  brought  as  physical 
groups  into  coordination.  The  assumption  becomes  ridiculous 
when  it  assumes  that  both,  which  are  so  unlike  each  other  in 
their  general  and  special  characteristics,  are  metamorphic 
Hudson  river  slates  and  sandstones.  As  the  difference  existing 
between  the  upper  and  lower  Taconic  rocks  has  been  attributed 
to  a  higher  degree  of  metamorphism  only,  it  is  fitting  that  this 
view  should  be  met  with  a  few  remarks  in  this  place.  Meta- 
morphism occurring  in  the  sedimentary  rocks  is  usually  pro- 
duced by  the  presence  of  pyrocrystalline,  or  pyroplastic  rocks 
intruded  among  them.  But  from  North  or  Middle  Granville  to 
the  highlands  of  the  Hudson  I  know  of  no  trap,  porphyry  or 
granite.  There  is  therefore  a  cause  wanting  to  produce  the 
condition  claimed;  a  condition  which  has  really  no  existence* 
unless  it  is  found  in  the  marbles  of  Berkshire,  Rutland,  etc.  It 
is  scarcely  necessary,  however,  to  dwell  upon  this  assumption;  for 
even  if  the  fact  respecting  metamorphism  was  true  to  the  whole 
extent  claimed,  it  could  not  become  a  material  argument  in 
proving  the  Taconic  rocks   to  belong  to  the  lower  Silurian 

Note. — On  opening  quarries  for  slate,  flags,  eto.,  it  sometimes  happens  that 
very  limited  dislocations  occur,  involving  a  derangement  of  some  eight  or  ten 
feet,  but  by  dislocations  and  inversions  such  as  involve  the  repetitions  of  an 
entire  series  of  beds,  many  hundred  or  perhaps  a  thousand  feet  thick,  I  am 
confident  do  not  occur  upon  any  line  section  which  I  shall  give. 

*  In  the  case  of  marble  the  assumption  is  uncalled  for,  inasmuch  as  the 
limestones  which  belong  to  the  primary  series  are  white  and  crystalline ;  the 
debris  from  a  limestone  in  this  condition,  would,  when  consolidated  again,  be 
as  white  and  crystalline  as  the  parent  rock. 
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period.  Melatnorphisin  only  changes  the  physical  condit 
roclcs,  aud  the  causes  which  are  intiiuaiely  connected  with  it, 
may  so  far  change  the  conditions  of  masses  locally,  aa  to  obscure 
their  charai^terislics,  but  the  succession  remains  essentially  the 
aame,  and  in  this  respect  il  is  impossible  that  metaniorphism 
could  have  been  an  agent  in  eSecting  the  dllferenceti  which 
exist. 

^42.  Topography  of  the  WKstern  part  of  the  brlt  through 
which  the  sccliiin  runs. — Before  1  attempt  to  describe  the  par- 
allel series  soulh  of  Uranville,  it  will  l>e  in>truc(ive  to  bring 
before  the  student  certain  facts  respeclinj^  the  1opO|xrHphy  and 
geological  structure  of  the  belt  which  i-kirts  the  valley  of  the 
Hudson.  If  we  ascend  the  highest  points  of  land  in  the  western 
margin  of  this  valley,  we  shall  see  northward  a  series  of  Icnobs 
ol  a  looderale  height  rising  along  this  margin  as  fur  as  the  eye 
can  see,  and  if  we  go  up  the  valley  we  shnll  pass  Iheso  knobs, 
which  we  shall  find  occurring  every  two  or  three  mites  and 
which  are  separated  from  each  other  by  oblique  valleys,  which 
connect  the  bottom  ol  tlie  Hiid-^on  vallt-y  willi  llie  table  land 
immediately  east.  Tliis  range  of  knobs  is  an  iuiporlant  land- 
mark, as  it  lies  iilonij  the  great  Hudson  river  fauil.aud  indii'ates 
its  eastern  side.  This  line  nf  fracture  ami  disloculion  runs  N, 
37°  E.  East  ot  this  range  of  isolated  bills,  which  rarely  i-xceed 
500  feet  in  height,  the  country  rises  in  ranges  of  hills  and  low 
mountains,  which  run  pnrallei  with  the  line  of  fault;  and  where 
the  ridges  approach  the  (jrcen  mountains  we  find  that  they, 
too,  are  situated  upon  lines  of  fractures  parallel  with  the  first. 

But  (o  return  In  ihe  consideration  of  the  first  line  (if  bills  or 
knobs.  I  wish  to  state,  in  the  first  plaee,  that  lliey  arc  usually 
capped  with  the  lower  Silurian  rocks  similarto  Ibal  of  Canton- 
ment hill;  thus  Bald  Mountain,  Mount  Tobey  and  VVillard's 
mountain,  with  many  others,  are  lower  Silurian  at  ibeir  sum- 
mits. Now,  when  we  look  beneath  the  lower  Siluriaji  beds  we 
invariably  find  them  reposing  upon  the  Taconic  system.  It  is 
true  we  are  not  always  able  to  see  the  line  of  junction;  but  one 
observation  which  gives  us  the  result  1  have  stated  iti  enough  to 
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settle  the  fact  as  it  regards  all  of  them.  But  it  is  true  that  in 
almost  every  instance  the  junction  can  he  seen,  or  else  the  re- 
lations are  so  clearly  indicated  by  phenomena,  in  each  respective 
case,  that  we  are  scarcely  left  in  doubt  respecting  the  suppo- 
sition I  have  just  affirmed.  I  do  not  wish  to  follow  up  this 
point  any  farther  at  this  time,  and  I  have  only  to  state  that  my 
lines  of  section  are  selected  with  reference  to  these  knobs.  The 
one  already  described  and  illustrated  with  a  wood  cut  passes 
through  a  hill  three-fourths  of  a  mile  south-west  from  North 
Granville  across  this  line  of  fracture  where  the  thin  bedded  blue 
limestone  occurs.  The  Silurian  system  does  not  reach  this 
point,  but  remains  in  the  valley  west,  occupying  here  the  same 
relation  to  the  Taconic  system  that  it  does  in  the  knobs  I  have 
spoken  of. 

The  next  sectional  line  I  shall  describe  runs  through  the  tri- 
lobite  locality  four  or  five  miles  north  of  Bald  mountain.  The 
slate  in  which  I  found  the  trilobites  is  in  the  road  near  the 
house  of  Mr.  Reynolds.  The  rock  is  a  dark  green  slate,  the 
surfaces  of  which  are  glazed,  or  often  appear  as  if  they  had 
been  covered  with  a  black  varnish.  When  split  through  planes 
which  are  only  imperfectly  fissile,  the  fresh  surfaces  are  ferru- 
ginous. It  is  here  that  the  £liptocephalus  and  Atops  were  found, 
both  of  which  have  proved  to  be  not  only  new  species,  but  to 
belong  to  new  genera,  unless  indeed  the  first  is  a  Paradoxides 
with  which  it  has  certain  characters  in  common. 

The  slates  dip  east  10®  or  15**  south  at  a  steep  angle;  west- 
ward the  surface  rises  into  a  ridge,  and  the  rock  becomes 
more  slaty  and  takes  in  calcareous  beds.  Upon  the  top  of  the 
ridge  one-fourth  of  a  mile  west,  the  calciferous  sandstone  oc- 
cupies the  ridge,  and  at  its  western  base  are  the  slates  conform- 
able to  the  trilobite  beds.  Eastward  from  the  trilobite  beds, 
the  same  rock  continues  100  or  150  feet,  when  it  becomes  a 
hard  quartz  rock,  some  ten  or  fifteen  feet  thick,  which  passes 
into  a  black  shining  slate,  which  in  its  turn  changes  eastward 
into  coarse  grits.    A  meadow  some  eighty  rods  wide  intervenes 

between  the  road  and  a  ridge,  three-fourths  of  a  n^ile  east;  when 
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upon  its  wtsleiii  ilnpt  we  foiiml  fint  gretii  iilalecioppi^ 
ils  hace,  whici)  in  ascpiiding  becomts  coarse  nml  frrruginou*. 
and  layers  of  a  qiiartzose  snmlMone  anil  (hiti  IxfOileil  giils  and 
slates.  At  ihc  lo))  agiiiii,  or  jiul  over  thu  easIiTn  sfope  tliin 
bi-diletl  quartz  filled  with  pnrtiilc-s  of  oxide  of  irun  Ibrms  a 
mass  twenty  or  twenty-five  fi-et  lliiilc. 

This  locality  with  iti  giit»,  ijlatts,  quarii:,  &c.,  has  tieen  re- 
gardpcl  as  llic  iquiv.ilent  also  of  the  Hudson  river  group,  ihe 
pftijonceof  Irilobilcs  iaiakenin  firoof  of  the  assuiiiplion,  both  of 
wltich,  liowfver,  havi;  btt-u  sliow  n  In  be  new,  and  are  not  known 
lo  occur  in  beJs  with  the  other  cbaraclcristic  fossils  of 
this  group.  Be»i[|es,  between  the  trilobite  bed,  In  the  calca- 
reous slates,  whirh  would  be  the  equivalent  of  the  Trenton  lime- 
Glone,  lossiU  havt  not  bein  found  at  all.  So  constant  areTrea- 
lon  foK-ils  in  Titnton  slaiLS  and  liuifstones,  that  there  is  no 
known  exception  in  New  York,  I'ennsjivania,  Virginia  and 
Tennessee,  of  their  absence  in  the  beds  of  this  period. '  Besides, 
the  beds  above  the  trilobite  beds,  though  there  nre  very  gor>d 
exposures  of  the  masses  for  half  a  mile,  do  not  contain  fos- 
siliferous  bunds  as  in  Ihc  true  geological  Hudson  rivtr  group. 
It  woulii  be  rciiardfd  as  a  very  singular  anomaly,  if  these  rocks 
should  turn  out  to  be  the  Hudson  river  group  and  that  all  their 
fossils  shouh!  di>a|ipiar  the  moment  they  were  raised  to  the 
surface  on  llic  cast  siiie  of  the  Hudson  valley,  when  at  Snake 
mountain  nearly  opposite  and  a  few  miles  only  ilistant,  ihe 
Hudsun  river  group  is  finely  developed  and  its  members  highly 
charged  with  fossils.  Again,  the  group  is  physically  different 
and  its  characteristics  stand  out  strongly  in  contrast, 

JJr.  J-'itih's  Heclwn  Ihruugti  Washington  county. — Dr.  Filch 
of  Salem  lias  published*  a  section  through  B.ild  mountain,  in 
which  we  agree  in  tlie  sequence  of  the  rocks,  excepting  those 
ut  Bald  mountain,  which  repicserits  the  limestones  as  dipping 
beneath  the  black  slates,  etc.,  instead  of  which,  it  is  perfectly 
plain,  that    the    litnesloncs    rot  u]>on  the  slates.     Beginning 


B  N,  V,  AgriL-ulluriil  Society,  pnge  %2\), 
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above  the  limestones,  his  section  reads:  1,  black  slates  with 
trilobites,  answering  to  my  section  at  Reynolds;  2,  slates  in  the 
ascending  order,  argillaceous  and  silicious  slates;  3,  thin  bed- 
ded limestone,  equivalent  to  the  first  limestone  in  my  section;  4, 
sandstones,  answering  to  the  first  sandstones  in  my  section;  5, 
silicious  slate;  6,  sandstone;  7,  limestone;  8.  green  flinty  slate; 
9,  slates  with  fucoids;  10,  red  slate;  11,  sandstone,  100  feet  thick, 
answering  to  my  calcareous  sandstone;  12,  limestone;  13, 
slaty  beds  of  sandstone,  containing  fucoids;  14,  sandstones;  15, 
sandstones,  these  are  the  thick  bedded  sandstones  of  my  section 
at  Granville;  16,  fucoids;  17,  limestone;  IS,  chocolate  colored 
slates;  19,  glazed,  and  20, black  slates;  21 , soft,  green  and  vari- 
ously colored  crushed  slates,  which  no  doubt  are  the  equivalents 
of  the  Columbia  county  roofing  slates;  23,  sparry  limestones; 
23,  soft  talcose  chlori-ic  slates  The  section  terminates  in  the 
quartz  rock  dipping  west,  and  conformably  to  the  gneiss  of  the 
Green  mountains,  a  representation,  which  if  true,  is  certainly 
uncommon.  Slate  in  the  upper  division,  it  will  be  seen,  occu- 
pies more  space  than  the  shale  or  sandstones,  and  their  condi- 
tion is  rarely  changed  sufficiently  to  obliterate  the  organisms  if 
they  were  ever  the  receptacles  of  any.  It  is  in  slate  that  the  many 
thin  beds  of  limestone,  calcareous  sandstones,  gray  sandstones 
and  brecciated  conglomerates  occur  It  is  a  system  really  pro- 
tean from  the  numerous  kinds  of  rocks  which  it  contains.  When 
the  rocks  are  opened  in  quarries,  we  find  them  more  protean 
than  the  unbroken  surface  indicates;  thus  in  a  slate  quarry  at 
Salem,  four  or  five  thin  beds  of  limestone  occur  which  were  not 
seen  before  it  was  opened.  The  soil  covers  large  areas  and 
conceals  much  that  would  be  important  in  assisting  us  to  make 
out  those  details  which  are  required  for  a  full  knowledge  of  its 
inorganic  composition.  Sections  corresponding  to  those  of 
Washington  county  might  be  described,  also,  in  Rensselaer 
county.  A  brief  notice  of  one  passing  from  Bath  to  Alps,  fif- 
teen miles  east,  is  all  that  I  deem  necessary  to  give  at  preseril. 
At  and  from  Bath,  three  miles  east,  the  rock  is  mostly  con- 
cealed by  Albany  clay.     A  ridge  of  rock  near  Blomingdale 


[  >60  Auii:iiic&rj  geoloov. 

ips  out  nhh  a  Glcfp  wc&t  dip  atui  cotilinut'H  more  Ibau  Otw 
fourth  of  a  mile  easUvard,  Thtse  sletji  dipping  rocks  belong 
to  the  Hudson  river  group.  Just  east  of  iiloomiiig  Grove  itc  Ta- 
conic  slates  crop  out  \i'ilh  ii  southeast  dip,  at  an  anf^le  o(  »ixiut 
35°.  The  slates  contain  a  few  hard  silitious  lay<rs.  The 
masses  are  so  well  exposed  cither  in  the  road  or  adjacciil  6elds 
that  it  is  possible  to  obtain  an  unbroken  buociKsiun  of  bedjitn 
East  SandlaVe,  a  distant  of  seven  miles.  The  rocks  arc 
mainly  slates,  Hags  and  thin  bedded  limestone  without  fossils. 
At  Sandlake,  the  rock  has  become  a  ihin  bedded  sandstone 
alternating  with  beds  of  greenish  sUilts.  These  continue  with 
a  few  variations  to  Alps,  where  we  begin  to  obtain  overlying 
conglomerates  and  breccias,  more  or  less  chloriiic,  which  con- 
tinue up  the  next  rise  of  hill  east  from  Alps.  From  these 
brecciated  beds  we  pass  to  the  lower  Tnconic  series  in  Stephen- 
town,  consisting  of  talcose  slates  with  limestones  and  marblea. 

At  West  Sandlake  there  is  a  dislocation,  but  west  from 
Blooming  Grove  to  this  place,  a  distance  of  four  miles  the  se- 
quence h  unbroken.  Tliat  a  very  minule  fxaminatinn  miiihl 
detect  dislocations  upon  a  small  scale  is  highly  probabk-.  The 
average  dip  is  40".  We  have  therefore  on  this  section  the 
same  facts  which  sustain  the  view  already  expressed,  tbat  this 
series  is  enormously  thick.  At  one  ])oint  on  this  scclion,  there 
is  a  change  of  dip  for  thirty  or  forly  fott,  but  the  rocks 
resume  their  regular  dip  so  speedily  that  it  seems  to  be  only  a 
local  variation  which  has  no  influence  on  general  results. 

A  section  in  I'rof.  Mather's  lejiort  of  the  geolojjy  of  the  first 
district  of  the  New  York  survey  and  exiending  froju  Foughkeep- 
sie  east  to  Sharon,  Conn,,  gives  the  same  or  nearly  the  same 
details.  This  section  crosses  the  Taconic  system,  as  we  find 
in  the  series  of  rocks  indicated  upon  (lie  section,  green,  red  and 
black  slates,  silicious  slates,  thin  bedded  limeKlones  interiara- 
inated  with  thin  and  chloritic  slates,  etc.  The  section  is  not 
designed  to  give  a  detailed  ilhistration  ol  the  rocks  over  which 
it  passes;  but  it  contains  enough  to  show  lh;it  the  protean 
group  of  slates,  shales,  sandstones  and  limestones,  belong  to  the 
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same  series  as  those  I  have  described  in  Washington  and  Rens- 
selaer counties. 

This  series  crosses  the  Hudson  river  between  Poughkeepsie 
and  New  York  and  passes  through  Orange  into  New  Jersey  and 
onward  to  Pennsylvania  and  Virginia. 

The  next  section  which  I  shall  describe,  runs  from  Abingdon, 
Va.,  to  Ta}  iorsville  in  Tennessee.  The  rocks  at  Abingdon,  Va., 
are  limestones,  alternating  with  beds  of  green,  red  and  choco- 
late colored  slates  and  gray  and  red  sandstones.  On  the  road 
leading  to  Taylorsville,  tiie  principal  rocks  are  slates  and  lime- 
stones which  are  frequently  exposed,  but  which  generally  are 
quite  irregular  in  dip,  being  much  bent  or  arched,  so  that 
frequent  repetitions  occur.  I  notice  this  route  because  I  found 
a  portion  of  the  upper  series  much  better  exposed  than  in  other 
sections,  where  the  series  are  even  much  less  disturbed. 

At  the  ford  on  the  middle  fork  of  the  Holstein,  the  limestone 
on  the  \vest  side  dips  southeast  with  an  angle  of  80**.  This  is 
succeeded  by  heavy  beds  of  green  and  black  slates;  but  the  beds 
are  frequently  concealed. 

Thirteen  miles  from  Abingdon,  having  passed  over  repeated 
repetitions  of  slate  and  slaty  sandstone  and  limestone,  tuere  is 
a  change  in  the  rocks.  The  first  intimation  of  a  change  is  the 
occurrence  of  a  low  flat  arch  of  reddish  thick  bedded  sandstone 
alternating  with  slate;  it  overlies  the  slates  and  limestones 
w^iich  have  been  referred  to.  The  sandstones  are  both  reddish 
and  gray,  and  continue  exposed  on  the  road,  and  constantly 
increasing  in  thickness  for  three  or  four  miles,  where  the  thick 
bedded  sandstone  is  succeeded  by  conglomerates,  breccia  and 
interlaminated  slates.  The  breccia  is  oflen  feldspathic  and  re- 
sembles porphyry,  but  it  is  found  to  be  on  a  strict  examination 
a  sediment,  made  up  of  or  derived  from  a  flesh  colored  granite. 
Both  the  sandstones,  and  brecciated  conglomerates  are  chloritic, 
and  hence  this  deep  green  trappean  color.  On  comparing  this 
formation  with  that  of  Grafton  mountain,  Rensselaer  county,  N. 
Y.,I  find  there  is  a  peifect  similarity.  It  is  impossible  to  distin- 
guish specimens  apart.     On  the  Laurel  a  branch  of  the  middle 
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fork  of  the  Holslein,  16  miles  from  Abingdon,  ihis  series  attains 
probably  ils  greatest  Ibickness.  Here  the  conglomerati'S  and 
Bandstone  are  at  least  500  feet  thick  in  a  single  clilf. 

Tbis  section  is  important  as  it  confirms  Ibe  opinion  already 
expressed  rdalive  to  the  succession  ol'  the  rock  of  the  upper 
division.  Here  the  thick  bedded  sandstones  and  breccias  are 
seen  in  position  overlying  beds  of  the  thinner  bedded  slates  and 
limestones. 

In  approaching  the  Iron  mountain,  as  it  is  locally  called, 
from  the  occurrence  of  brown  heraalile  as  in  Berkshire,  the 
thick  bedded  sandstones  and  ccnglointrates  thin  out,  and  we 
pass  over  a  succession  of  blue  and  red  slaleswitb  gray  slaty 
limestone  belonging  to  the  lower  division.  Thtse  continue  to 
Taylorsville.  The  lowest  of  the  rocks  of  this  division  are  the 
talcose  slates  and  quartz,  which  are  passed  over  on  the  route  to 
Jeffersonville  in  Ash  county,  N.  C.  Stone  mountain  is  an 
enormous  development  of  these  rocks  and  has  already  been 
referred  to, 

^43.  Great  I.im€''fone  Valley  of  Virginia  and  Tennessee.— 
The  limestone  valley  of  Virginia  is  celebrated  the  world  over 
for  its  fertility  and  its  wealth.  The  flowing'  outline  of  its  bills, 
with  their  green  slopes,  Ibrins  a  bcaulil'ul  picture  for  the  painter. 
It  is  no  less  allractive  to  the  geologist,  for  here  are  some  of  the 
finest  developments  of  the  palaeozoic  formations  which  tbecoun- 
try  affords.  The  limestones  belong  in  part  to  the  lower  Silurian 
and  in  part  to  the  Taconic  system.  While  the  former  main- 
tain their  usual  dcvelopmenis,  and  resemble  in  almost  all  re- 
spects the  same  rocks  in  New  Vork  anil  Pennsylvani.i,  ibe  lime- 
stone belongin'T  to  the  Taconic  system  seems  to  be  much  greater 
in  extent  anil  thickness  than  in  the  northern  stales.  To  illus- 
trate in  part  this  view  I  made  a  section  in  Wythe  county,  near 
the  residence  of  Colonel  Rapier,  a  gentleman  well  known  in 
Virginia.  The  limestones  and  inlerlMminateil  slates  and  sand- 
stones are  so  well  exposed  by  the  road  and  ailjoining  fields, that 
the  true  sequence  is  easily  determined.  Fig.  7  illu.'itrafes  the 
secession  or  sequence  of  the  rocks  at  this  place.     Their  dip  is 
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nearly  southeast,  and  usually  it  amounts  to  40*>. 

The  section  extends  one  and  a  half  miles,  nearly 

at  right  angles  to  the  dip.    The  enumeration  is  in 

the  descending  order: 

1 ,  hard  sandstone  thirteen  feet;  2,  fine  grained  sand 
stone  sixty-five  feet;  3,  slates  300  feet  containing 
beds  of  limestone  six  feet  thick;  4,  blue  limestone 
thirty-six  feet;  5,  purple  sandstone  464  feet,  and 
containing  purple  slates  twelve  feet ;  6,  decomposing 
drab  colored  slate  250  feet;  8,  cherty  limestone;  9, 
green  and  drab  colored  slates;  A  A  includes  the  blue 
limestone;  10,  concretionary  limestone  associated 
with  brown  hematite;  the  thickness  of  these  lime- 
tones  is  1400  feet ;  12,  red  and  purple  slates  200  feet; 
13,  red  and  green  slate  400  leet,  containing  a  few 
beds  of  limestone:  14,  chocolate  colored  slates  600 
feet,  containing  a  few  beds  of  slaty  sandstone;  15, 
coarse  slaty  sandstone. 

Jt  will  be  observed  that  this  mass  of  limestone 
is  bounded  on  each  side  by  beds  of  slate  and  sand- 
stone, with  but  few  beds  of  limestone.  This  section 
I  believe  corresponds,  at  least  in  part,  to  the  upper 
Taconic  rocks  of  Washington  county.  New  York. 
If  so,  the  limestones  which  are  known  in  the  slates 
at  the  north  must  have  become  much  thicker  in 
their  extension  south.  I  am,  however,  unable  to 
account  satisfactorily  for  the  development  of  lime- 
stone in  Virginia  and  Tennessee  and  throughout 
this  great  valley.  A  question  will  probably  arise, 
whether  these  limestones  may  not  belong  to  the 
Silurian  period.  On  this  question  I  remark,  first, 
that  as  a  group  it  is  not  Silurian;  second,  consid- 
ered palaeontologically,  it  is  not  Silurian,  inasmuch 
as  it  is  destitute  of  fossils.  After  devoting  some 
time  to  a  careful  examination  of  the  weathered  sur- 
faces of  the  limestone  and  also  to  fractured  surfa- 
ces, I  was  unable  to  discover  a  trace  of  organiza- 
tion. In  this  examination,  I  believe  every  bed 
received  attention.  I  inquired  of  stone  masons  and 
of  those  who  were  constructing  roads,  if  they  had 
seen  a  fossil  of  any  kind  in  these  limestones,  and 
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the  answer  was  always  in  the  negative;  still,  it  swtm  [Hrolxiblfr 
that  they  will  yel  be  fouriil. 

In  respect  lo  organisms,  then,  ihey  stami  out  in  strong 
contrast  wilh  tlie  lower  Silurian  limestones  of  ihc  neighborhood, 
for  (he  moment  these  are  examined  fossils  are  found  abunilanlly. 
The  geologist  may  pass  Trom  the  nonlosailiferous  litnestooes 
and  inlerlaminaleil  alntes  in  halt'  a  mile  to  the  Trenton  am) 
Cbazy  limestones,  and  he  will  find  there  all  ihe  charactertslic 
fossils  which  belong  lo  them  in  the  vulley  nf  the  Mohawk. 
Again,  it  is  not  metamorphism,  which  renders  the  nek  so  per- 
fectly barren  of  organized  bodies,  nor  lo  the  presence  of  chert 
or  deleterious  matter. 

It  seems,  therefore,  that  the  absence  of  fossils  is  significant 
of  the  period  in  which  they  were  found,  and  this  ojijnion  should 
be  received  until  it  can  be  shown  by  the  pnsence  of  character- 
istic organizations  that  thiy  belong  lo  the  Silurian  peiiod. 

I  now  propose  to  connect  ihe  last  seciion  wiih  another  (fig, 
8),  which  includes  the  carboniferous  and  lower  Sihiiian  in  the 
relation  which  they  hoUl  to  each  other,  in  the  whole  of  the 
south-western  part  nf  Virginia. 

I.  Limestones  of  the  'laconic  system,  whicli  lonslilute  a 
part  of  the  scries  in  lig.  7,  and  which  are  conjicctcd  with 
shiles,  sandstones,  &,c.  .4t  this  point  ihey  torm  the  norlh- 
weslern  part  of  a  synclinal  axis,  which  leruiinales  against  the 
carboniferous  system,  2,  On  the  west  side  of  the  fiacture  the 
systems  are  separateii  from  each  other  only  a  few  yarrls;  3, 
black  calcareous  slates  of  the  Devonian  period.  The  carbonil- 
erous  and  Devonian  are  represented  by  a  series  less  than  a 
thousand  feet  (hick,  and  hence  a!l  the  up])er  Silurian  ;uid  most  of 
the  Devonian  and  carboniferous  are  ribseiil;  the  Devonian  is 
represented  bya  few  beds  only,  which  rest  immediately  upon  the 
Niagara  group,  A.  This  is  a  cherty,  concretionary  and  lurapy 
mass,  a  perfect  confusion  ol  beds.  4.  Clinlon  f;roup,  with  its 
beds  of  sandstone,  slate  and  oolilic  iron;  o.  Medina  sand- 
stone; it  always  forms  Ihc  crests  of  (he  mountain  ranges  of  this 
region;  6.  Lorraine  shales,  consisting  also  of  green  sandy  marls, 


THE    UPPER   DIVISION    OF    THE   TACONIC  SYSTEM. 


65 


<?o 


even  bedded,  and  weathering  to  a  drab  color;  below  them  the 
black  colored  calcareous  shales  with  chsetetes,  Leptsena  sericea, 

alternata,  &c.;  7,  A  mottled  sandstone,  termin- 
ating in  beds  of  conglomerate,  and  which  ipay  be 
an  equivalent  of  the  Caradoc  sandstone;  8,  Tren- 
ton limestone,  with  Isotelus  giga»,  Ceraurus  pleu- 
rexanthemus,  &c.;  9,  Birdseye  and  Chazy  lime- 
>*   stone,  with    Maclurea    magna;   10,   Calciferous 
^   sandstone;  11,  Potsdam  sandstone ;F, fracture;  12, 
Carboniferous   sandstones  and  shales.     The  dis- 
tance between  F  F  is  about  one  mile.     As  mem- 
bers of  the  Silurian  system,  the  series  will  require 
but  few  remarks  at  the  present  time,  and  in  this 
place.     They  are  brought  in  contrast  wilh  the 
Taconic  series,  and  being  rich  in  their  character- 
istic fossils,  it  seems  to  me  that  this  fact,  taken 
in  connection  with  the  relations  they  exhibit  to 
each  other,  places  the  independence  of  the  Taconic 
system  in  a  very  strong  light.     It  is  plain  enough 
that  from  6  to  11,  the  series  represent  the  lower 
Silurian  most  perfectly  as  it  exists  in  New  York, 
excepting  the  intercalated  sandstone  which  con- 
tains fossiliferous  bands,  in  which  I  found  the 
Bellerophon  bilobatus.    As  a  physical  group,  the 
lower  Silurian  is  in  perfect  accordance  with  New 
York  rocks,  and  as  an  organic  gfogp  it  i$  very 
interesting  to  know  that  at  a  distance  of  one  thou- 
sand miles  from  northern  New  York  this  series 
gives  us  such  a  perfect  accordance   also.     The 
whole  series  from  F  to  F  does  not  exceed  4,000  feet 
-   in  thickness,  and  that  part  of  it  included  between 
4  and  1 1  is  quite  as  thick  as  in  New  York.    A  few 
S   miles  eastward  (about  ten  miles)  the  quartz  rock, 
:^     ^  ^   with  its  slate  of  the  Taconic  system,  is  thicker 
than  the  series  included  between  6  and  11.    But  I 
need  not  dwell  on  facts  and  arguments  of  this  kind, 
especially  when  they  may  be  regarded  as  inconclusive  or  not 
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perftctly  Mlit^ing  tl>e  eTidence  re<)iiiretl.  Slill,  I  amy  add  in 
ihii  place  lo  what  I  bare  Steady  »tat«d.  ibal  I  believe  tlkat  tbe 
Tacmic  aeries  crops  out  »ora  beneath  ibe  Pctsdam  i 
at  Sbaaaon's  on  the  north  fork  of  the  Holsicin,  iixteea  mlla 
from  Wftbo'ifle;  that  tbe  Tacooii:  »ries  piuu^ea  benentb  tbe 
caibonifefoas  at  F,  fig.  8,  on  the  right,  there  is  no  doabt.  and 
that  it  outdaobs  the  lower  Silurian  is  e<)uatly  certain,  ioasmoch 
M  it  abuts  a^intt  tbe  satiferous  and  plzsit-r  series  id  Smhb 
county.  It,  therefore,  outflanks  ihe  Silurisn  or  exleOfb  beyond 
it,  at  the  western  base  of  Walker's  mountain. 

There  is  probably  no  better  section  in  Virginia  than  the  ooe 
extending  from  Wytbeiille  acrora  the  Iron,  Uttle  Bmaby,  WaDter 
and  Garden  moantains,  which  luinisbes  ihal  eTJdrnre  io  the 
foiiD  of  contrast  between  the  Silurian  and  Taconicsystetn,  which 
is  Teiy  striking  and  concliisiTe.  This  section  ciosses  tie  Alle- 
gbanies  near  tbe  head  waters  of  the  HolMein,  Clinch  and  one  or 
two  branches  of  New  river.  Tbe  easterly  range  of  tbe  Iron 
mountain  is  composed  of  quartz  and  the  lower  slates,  from  wbkh 
we  descend  into  the  preal  lime  slone  vallev  of  Virsinia.  Before 
reaching  it  we  pass  over  many  members  ol  ihe  upper  division 
which  crop  out  near  its  wesftrn  base  some  two  niiifs  tast  of 
Wythfeville.  The  Imter  place  is  upon  ll.e  iiraesloiit:  coiomonly 
called  (he  blue  Umeslone,  and  which  is  finely  exposed  at  numeious 
places  in  the  valley.  It  evidently  forms  a  synclinal  axis,  inas- 
much as  the  rock  east  of  Wytheville  dips  to  ihe  northwest,  while 
near  the  base  the  dip  of  a  similar  series  of  beds  is  easterly  at 
a  sleep  angle.  The  dip,  however,  inclines  towards  the  base  of 
the  Queen's  knob,  in  the  vicinity  of  which  Ihe  most  pronainent 
recks  are  carboniferous  and  lower  Silurian,  all  of  which  dip 
southeasterly.  The  section,  fig.  II,  crosses  the  Little  Brushy  a 
little  north  of  the  Queen's  knob.  It  pa.=ses  only  the  fir^t  range. 
Tbe  ranges  succeeding  this  as  far  west  as  Tazewell  are  repe- 
tition of  Ihe  rocks  of  Little  Brushy  mountain. 
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THE  FRENCH  BROAD,  HIWASSE  AND  OCOEE  SECTIONS. 

§  44.  The  south  furnishes  many  excellent  sections  of  the 
upper  Taconic  rocks.  The  French  Broad,  after  leaving  the 
Warm  springs  in  Buncombe  county,  cuts  through  a  mountain- 
ous belt  where  the  banks  and  cliffs  upon  the  river  show  to  good 
advantage  the  green,  black  and  red  slates;  brown  and  gray 
sandstones  interlaminated  with  slates  and  conglomerates.  Beds 
of  quartz  nearly  solid  are  not  unfrequent,  of  which  a  remarka- 
ble one  crosses  the  river  about  eight  or  ten  miles  west  of  the 
Warm  springs;  it  is  massive  and  thick  bedded,  and  in  conse- 
quence of  its  composition  resists  atmospheric  agencies,  and 
hence  it  stands  out  in  bold  relief  ob  the  mountain  slopes. 
Hence  it  is  a  prominent  cliff  on  both  sides  of  the  mountain 
which  here  encroaches  upon  the  banks  of  the  river.  It  may  be 
traced  up  the  sides  or  down  one  side  of  the  mountain  to  the 
river's  bank,  forming  a  ridge  where  it  crosses  the  road,  and  ex- 
tending in  an  unbroken  bed  across  it,  it  mounts  up  again  on  the 
other  side  to  the  top  of  the  moimtain  to  the  height  of  600  or 
700  feet.  The  bed  is  fifteen  feet  thick,  dips  west  or  down  the 
stream  and  makes  with  the  horizon  an  angle  of  about  36^ 
The  most  remarkable  fact  is,  that  this  massive  quartz  bed 
has  been  worn  down  so  as  to  admit  of  the  passage  of  the 
river.  The  part  worn  out  is  of  the  form  of  a  horse  shoe  with  the 
concavity  directed  up  the  stream.  I  had  supposed  that  in 
almost  all  cases  where  rivers  and  streams  flow  through  rocky 
gorges,  that  the  rocks  were  first  broken  in  the  direction  of  the 
flowing  stream  but  here  there  is  no  evidence  of  fracture.  The 
river,  it  seems  now,  must  have  encountered  this  formidable 
barrier  and  have  worn  down  the  rock  inch  by  inch,  from  400 
feet  at  least,  down  to  its  present  bed. 

The  French  Broad  flows  through  a  gorge  for  forty  or  fifty 
miles,  or  at  least  certain  parts  of  its  passage  can  be  regarded  in 
no  other  light  than  a  gorge.  The  quartz  rock  which  I  have 
just  described  resembles  a  bed  which  crops  out  east  of  Lansing- 
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burgh,  and  which  is  known  ss  the  Diamond  rork.  Pa 
six  miles  from  the  Warm  spilngs,  is  a  thin  liedded  gr»y  saod- 
stoae,  which  resembles  the  rock  bplwcen  Hlooming  Gro\e  and 
West  Sanrllake.  Here  thin  bedded  sandstone  and  shale  yass  inlo 
thick  bedded  ones  with  pebbly  beds,  succcedeil  by  green  and 
red  slates  and  shales,  in  which  there  are  beds  of  limestone.  Al 
Porreltsville,  Tenn,,  black  slates,  and  limestones  alternating 
with  them,  are  frequently  repeated  on  the  road  to  the  Nolich- 
ucky,  where  the  series  seem  to  terminate  in  shales,  shaly  lime- 
stone, with  intercalated  silicJous  beds,  similar  to  those  in 
western  Vermont.  In  the  slates  ai  Porrettsville,  1  found  two  or 
three  species  of  graptolites.  But  1  have  been  unsuccessful  in 
finding  organic  bodies  of  any  description  in  the  rocks  interven- 
ing between  the  Waim  springs  and  Porrettsville.  Black  and 
green  slatts,  sandstones  and  conglomwaies  and  breccialed  beds, 
roofing  slates,  etc.,  wall  up  both  the  Ocoee  and  Hiwassee, 
where  Ihey  cut  through  the  mountains  between  North  Carolina 
and  Tennessee.  In  all  the  southern  exposures  of  the  upper  Ta- 
conic  rocks,  conglomerates  are  much  more  common  than  at  the 
north.     With  this  exoeptian  the  strata  are  physically  the  same. 

In  Virginia  the  rait  road  from  Waynesboro  to  within  two 
milesof  Staunton,  passes  over  a  similar  series  of  rocks,  in  which 
we  find  a  pertect  representation  in  ihc  sandstones,  slates  and 
slaty  beds  representing  those  of  the  Hiwassee,  Ocoee  and 
French  Broad  and  the  Laurel,  as  well  as  those  of  New  York  in 
all  of  the  foregoing  routes  which  I  have  cited,  succeeding  the 
lower  Taconic  rocks,  and  consisting  of  the  same  rocks  with  the 
same  se([uence,  from  Ciuiada  !o  TennesM'e. 

I  have  already  staled  that  the  Taconic  system  on  Ibe  east  side 
of  the  Blue  ridge  in  North  Carolina,  Rhode  Island  and  Maine, 
is  represented  only  by  the  lower  division.  In  North  Carolina 
it  spreads  out  widely,  but  is  more  restricted  in  Virginia,  while 
in  Rhode  Island  it  is  very  limi;cd,  though  distinctly  developed. 
In  Maine  the  upper  division  extends  seaward  In  an  iinknown 
distance,  being  easily  recognized  at  the  Fox  lslan{ls,  twelve 
miles  from  Camden. 
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My  object  in  the  foregoing  pages  has  been  to  describe  in  the 
briefest  manner  the  rocks  and  their  order  of  sequence,  which 
belong  to  the  system  under  consideration.  The  plan  of  the 
work  will  not  admit  of  further  details,  excepting  when  it  is 
necessary  to  compare  a  member  of  it  with  one  which  it  is  sup- 
posed it  represents  in  the  Silurian  period.  The  end  I  have  had 
in  view,  has  been  to  show  that  as  a  series  of  sediments  the  Ta* 
conic  system  is  unlike  the  Silurian;  or  when  we  compare  the 
two  physical  groups  with  the  lower  Silurian,  we  shall  not  fail 
to  perceive  they  have  only  a  few  characters  in  common,  and 
those  have  little  importance;  hence  they  can  not  be  brought 
into  correlation  without  doing  violence  to  geological  principles. 


REVIEW  OF  THE  OPINIONS  WHICH  HAVE  BEEN  EXPRESSED  RBLA- 

TIVE  TO  THE  TACONIC  SYSTEM. 

§  45.  I  have  shown  in  the  preceding  pages  that  the  Taconic 
system,  considered  as  a  physical  group,  can  not  be  brought  into 
correlation  with  any  part  of  or  with  any  group  of  the  Silurian 
system;  that  no  individual  member  of  the  former  can  be  placed  in 
coordination  with  an  individual  member  of  the  latter;  that  the 
lower  Taconic  rocks,  as  a  whole,  differ  from  the  lower  Silurian 
as  a  whole,  and  that  the  quartz  of  the  former  is  not  the  Pots* 
dam  sandstone,  nor  the  slates  the  Utica  slate,  nor  the  limestone 
of  that  group  the  Trenton  or  blue  limestones,  as  has  been 
maintained  by  many  geologists  of  this  country.  According  to 
the  views  of  several  eminent  geologists,  the  rocks  of  Saddle 
mountain,  in  Massachusetts,  belong  to  the  Hudson  river 
group;  the  limestone  below,  in  the  position  which  I  have  given 
it,  is  the  Trenton,  and  the  quartz  rocks  the  Potsdam  sandstone. 
The  whole  group  of  the  lower  Silurian'  is  developed  in  this 
mountain  according  to  this  view.  If  so,  how  does  it  happen 
that  high  up,  towards  Graylock,  the  summit,  there  are 
no  fossil iferous  bands.  If  these  immense  masses  which  are 
piled  up  3600  feet  are  sediments,  and  of  course  this  is  admitted, 
how  can   it  be  explained  on  palsontological  principles,  that 
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there  are  no  organisms  al  all  in  the  mass  of  the  so  railed  Hud- 
son river  group.  It  is  said  of  course,  that  they  are  melamor- 
phic.  But  tlien,  "hat  evidence  have  we  that  lliey  are  meta- 
morphic;  cf  course  it  will  be  maintained,  indeed  it  is  aSirmed 
that  they  are  destitute  of  fossils,  because  they  are  metamorphic, 
and  they  are  metamorphic  because  destitute  of  fossils.  For 
there  is  no  trap,  no  porphyry  and  no  granite  in  Saddle 
mountain.  We  must  iheretbre  assume  that  after  thousands  of 
feet  of  sediment  had  been  deposited  in  the  then  existing  seas, 
this  portion  of  the  earth's  crust  was  again  healed  sufficiently 
to  destroy  all  vestiges  of  organization  which  beJonged  to  the 
upper  part  of  the  lower  Siluiian  series.  Which  view  is  the 
most  probable,  that  which  proposes  to  refer  this  formation  to  a 
period  prior  to  ihe  creation  of  animals,  or  to  a  period  which 
abounded  in  life,  of  which  the  vestiges  were  deslroyeil  by  heat 
and  which  was  communicated  through  an  immense  thickness 
of  rock1  Heat  communicated  to  the  degree  required  should 
leave  its  mark,  but  we  find  nothing  in  Ihe  whole  range  ot  the  Sad- 
dle mountain  which  looks  like  an  igneous  product  or  an  igneous 
change,  in  all  other  cases  where  it  is  probable  that  Ibssits 
have  been  oblilerated  by  heal,  some  monument  of  it.s  agency  re- 
mains to  allesl  Ihe  fact,  but  in  the  case  under  consideration  it 
is  all  assumption  without  facts  or  phenomena  to  favor  it. 

Now  it  is  not  necessary  to  tell  American  geologists,  that  the 
lower  Silurian  is  eminently  fossil iferous,  Mr,  Hall's  work  con- 
tains eighty -eight  plates  and  381  .species.  It  is  therefore 
quite  strange  that  all  vestiges  of  this  large  number  slioulii  have 
been  obliterated.  But  again,  bow  does  lliis  doctrine  of  meta- 
morphism  stand  by  the  side  of  certain  allrged  di.suoveries.  For 
example,  we  are  informed  in  the  beginning  of  Ihe  tiist  volume 
on  Palaeontology  of  New  York,  that  fossils  arc  found  in  the 
crystalline  qviartz  rock  of  Adams,  at  the  base  ol  the  Green 
mountains.  It  seems  tljen,  alter  all,  that  these  easleru  rocks 
are  not  so  much  aUercd,  but  that  Jbssils  are  preserved  at  the 
very  base  of  the  system.  Geologists  should  reconcile  llitir  dis- 
coveries with  their  assutiiplions. 
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But  again,  if  Saddle  mountain  is  lower  Silurian,  or  Hudson 
river,  how  does  it  happen  that  as  a  physical  group  it  is  totally 
unlike  the  rocks  of  Granville,  Salem,  Pittstown  and  Greenbush, 
or  the  group  which  lies  immediately  on  the  slope  of  the 
valley  of  the  Hudson  and  lake  Champlain,  both  of  which  are 
also  claimed  as  Hudson  river.  Where  is  the  consistency  in 
maintaining  thai  both  divisions  belong  to  the  Hudson  river 
group,  since  they  are  unlike  each  other  in  matter  and  arrange- 
ment; and  at  the  same  time,  that  both  are  unlike  the  Hudson 
river  group  in  all  the  essential  characteristics,  considered  as 
physical  groups.  To  say  that  there  are  slates,  limestones  and 
sandstones,  is  futile,  for  if  the  mere  presence  of  the  lithological 
masses  makes  identity,  then  they  may  as  well  be  called  the 
upper  Silurian  or  Devonian  as  the  lower  Silurian.  But  similar 
arrangements  or  sequence  taken  in  conjunction  with  lithological 
characters  is  what  makes  similarity  in  physical  groups,  and  if 
there  is  not  even  a  similar  sequence  then  it  is  unsafe  to  assume, 
that  two  such  dissimilar  groups  belong  to  the  same  periods  It 
is  only  the  strongest  palaeontological  evidence,  that  such  dis- 
similar groups  can  be  ranked  in  the  same  period.  But,  I  shall 
show  that  this  kind  of  evidence  is  also  against  the  assumption, 
so  that  viewed  in  the  light  of  physical  and  palasontological  evi- 
dence the  assumptions  respecting  the  Taconic  system  can  have 
no  support. 

Again;  it  has  been  asserted  by  my  friend  Mr.  Hall  that  the  so 
called  Taconic  system  is  situated  in  the  midst  of  Silurian  rocks. 
The  inference  to  be  drawn  from  this  assertion  is,  that  the  exist- 
ence of  the  Taconic  system  under  these  circumstances  is  an 
incompatible  association,  which  of  itself  overturns  my  position. 
But  this  association  is  the  very  fact  which  really  establishes  my 
doctrine,  and  puts  the  question  forever  at  rest.  I  shall  soon  go 
on  and  show  my  mode  of  reasoning  and  my  application  of  the 
foregoing  assertion.  It  would  be  a  waste  of  time  for  a  geolo- 
gist to  set  himself  about  proving  that  the  Devonian  rocks 
belong  to  a  later  period  than  the  Silurian.  And  why?  Because 
we  know  that  the  Devonian  rests  upon  the  Silurian,  it  is  the 


atxptenee  of  one  period  lo  that  of  another, 
kind  of  evidence  which  ihe  presence  of  the  Silurian  rocks  in  the 
midst  of  the  Taconic  rocks  gives  us,  and  if  thiakindoreTideoce 
had  been  represented  fairly  there  probably  woold  have  been 
much  le«  cootrorerq-  upon  the  question. 

The  fint  iJluctration  of  (he  use  to  which  I  shall  put  the  SUu; 
run  rocki  will  be  aeen  in  figure  12. 


It  is  a  section  in  a  part  of  the  Hudson  rivpr  group,  at  Green- 
buih,  pawing  through  Caotonement  hill.  Just  above  the  rirer 
but  below  Ihe  okl  red  mill,  the  slates  c  are  crushed,  but  it  is  evi- 
dent thev  dip  to  the  east.  At  the  mill  d,  the  blackish  sandstones 
of  the  Htldfion  river  dip  also  east;  half  a  mile  further,  sand- 
stcint  a^ain  rrops  ciiit,  dippirif:  sltrpiy  to  Ihi- west,  J ii>,t  beyond, 
the  green  'laconic  f.lates  ilipping  E.  10"  S.  support  a  heasy 
mass  of  calcilcrous  sandslo(.c  u,  and  slatv  Iri'iilori  limestone. 
Viewing  the  pfjsitiim  of  a!i  ibe  rocks,  «e  find  that  there  is  an 
anticlinal  axis  rurmirig  at  the  base  of  (he  ridge  at_/',  siippoiting 
the  limestone.  This  anticlinal  is  on  the  line  of  the  great  Hud- 
son river  fault.  The  limestone,  which  is  the  most  important 
mass,  rests  unconfonnably  upon  the  green  Taconie  slates  b  b. 
The  beds  dip  in  part  west  as  rejiresented  in  the  cut  at  a;  but  they 
are  not  unilbrm  in  this  respect.  But  this  diversity  in  dip  is 
proof  that  it  is  not  interlaminaled  with  green  shies  below. 
One  of  my  (rienii's  opinions  which  he  at  one  time  expressed,  was, 
thai  the  mass  was  thrust  up  thi'oughwbiit  he  regarded  as  the  Hud- 
son river  rocks.  Since  that  opinion  was  exjitessed,  he  has  con- 
structed a  section  of  ihe  hill,  and  has  represented  this  limestone 
as  the  Trenton,  inlei laminated  with  the  Hudson  river  slates,  as 
he  calls  those  at  b  b. 

Now  some  palii'onlologisls  are  willing  to  admit,  that  a  few 
fossils  may  go  up  from  the  Trenton  into  the  Hudson  river 
series,  but  1  believe  that  this  is  the  fust  time  that  a  paleon- 
tologist is  willing  lo  transfer  the  whole  of  the  Trenton  lime- 
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stone  with  all  its  contents  into  a  higher  group.  But  it  unfor- 
tunately happens  that  the  calciferous  has  to  go  with  the  Trenton 
in  this  case.  That  there  is  an  error  in  Mr.  Hall's  view  is 
evident  from  the  exposure  of  the  slate  on  the  north  and  south 
sides  of  the  hill,  which  proves  that  this  bed  of  limestone  is  not 
an  interlaminated  mass  in  the  so  called  Hudson  river  group. 
Both  palseontological  evidence,  and  that  of  superposition,  forbid 
such  an  interpretation  of  the  phenomena. 

The  true  explanation  is  this,  the  limestone  is  an  outlier  of 
the  Silurian  system,  deposited  upon  the  slates  which  outcrop 
from  beneath  it.  It  was  elevated  subsequently,  and  undoubtedly 
was  covered  by  the  Hudson  river  rocks  also,  which  have  been 
carried  away  by  diluvial  currents  leaving  the  present  mass  as 
it  is  now  exposed.  If  this  is  the  true  explanation,  and  I  see 
nothing  to  conflict  with  it,  then  as  it  regards  these  two  systems 
the  inference  is  too  obvious  to  require  to  be  stated. 

It  is  worthy  of  notice,  that  this  instance  of  superposition  of 
the  group  of  lower  Silurian  rocks,  i^upon  the  upper  members  of 
the  Taconic  system.  It  seems  fitting  in  view  of  this  fact,  that 
I  should  now  show  that  the  rocks  of  the  same  period  overlie  and 
rest  upon  the  lower  division  of  this  system. 

I  shall  therefore  select  from  the  extreme  eastern  part  of  the 
county  of  Rensselaer  an  instance  of  an  overlying  mass  of  calcif- 
erous sandstone  upon  the  Hoosick  roofing  slate.  It  has  been 
very  confidently  set  forth  tl^at  the  occurrence  of  Silurian  rocks 
in  this  region  proved  the  error  of  many  of  my  views  respecting 
the  age  of  the  rocks  under  consideration,  while  on  my  part  I 
maintained  that  these  rocks  in  consequence  of  the  relation  they 
sustain  to  the  Taconic  system,  proved  the  soundness  of  my  po- 
sition. Before  I  refer  to  the  figure  which  illustrates  the  true  and 
real  relations  which  subsist  between  the  two  systems,  I  shall  give, 
in  a  few  words,  an  explanation  of  the  structure  of  the  narrow  belt 
of  country  of  which  Hoosick  falls  may  be  regarded  as  the  centre. 
On  the  west,  about  three-fourths  of  a  mile  distant,  there  is  a 
ridge  some  400  or  600  feet  high  which  stretches  along  the 
Hoosick  river  about  four  miles.    The  eastern  face  of  this  ridge 
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is  partly  corcred  with  a  broken  mafs  ot  cslciferous  sandstone, 
carrying  as  i-vidence  of  its  age  the  MacJurca  and  several  other 
fossils.  It  extends  about  four  miles  also,  but  its  beds  are  broken 
and  dip  in  a  disordei  ly  manner  sometimes  east,  sometimes  west, 
steeply  sometimes,  and  only  slightly  in  otbcis.  Its  coniinuiiy  is 
broken,  yet  it  continues  the  distance  I  have  staleil.  Its  irregu- 
larity In  dip  and  its  Iractured  condition  prove,  ihat  it  rests  on 
an  uneven  bottom,  iind  that  it  has  been  unequally  moved;  and, 
lunhermore,  can  not  Ibrm  a  part  of  the  Ta(;onic  rocks  exposed 
below,  upon  the  hills  and  in  ihe  valleys. 

The  limestone  is  discontinued  before  it  reaches  the  river;  on 
the  east  side  ol  Hoosiclc  falls  is  a  rJdge  of  about  the  same  height 
running  parallel  with  that  on  ihe  west  side.  It  is  the  ridge 
which  furnishes  the  Hoosiek  roofing  slates,  quarries  of  which 
were  opened  forty  years  ago,  and  in  which  the  graptolites  occur. 
On  the  eastern  slope  of  this  ridge  of  roofing  slate  limestone  oc- 
curs of  the  same  perioti  as  that  upon  the  west  side.  The  lime- 
stone of  this  valley  contains  the  fossils  of  the  lower  Silurian 
period,  antl  hcnte  wi-  are  not  K'ft  in  dnubl  rcsppcting  the  most 
important  palicontologital  facts.  It  remains  now  to  determine 
how  this  well  known  limcstoncissituatcd;  whether  it  does  or  does 
not  form  a  part  of  the  slaty  group,  or  whether  it  is  u  pai  t  or  parcel 
of  it,  in  which  case  it  would  undoubtedly  lollow  that  the  slates 
themselves  are  Silurian  also,  inasmuch  as  the  limestone  is  Si- 
lurian, carrying  the  proof  of  its  period  in  its  fossils. 

Now,  it  might  well  happen,  that  iis  true  relations  could  not  be 
determined  by  actual  inspection;  and  in  consequence  of  a  nearly 
conlormable  dip  with  the  slates,  it  might  appear  lo  form  a  part 
of  the  group  ivith  them.  But  at  the  oulset,  an  honest  and  well 
meaning  pala'ontolngist  might  inquire  what  right  has  the  cal- 
ciferous  saniislone  to  force  itself  into  the  company  of  the  Hud- 
son rivtT  rocks — what  right  has  it  to  be  interlaminaled  bodily 
between  their  beds'!  Bui  leaving  such  impertinent  questions  to 
be  answered  bj  my  friend  the  state  pala.'ontologi>t,  who  maintains 
that  all  these  rocks,  limestones  and  slates,  arc  Hudson  rivi  r  rocks, 
we  may  proceed  to  determine  the  fact.  It  fortunately  happens  that 
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this  limeslone  lies  upon  the  eastern  fat;e  of  the  ritlge  upon  which 
the  state  quarries  are  opened.  Fig.  12  represenls  the  situations 
of  the  limestone  to  the  slate  beneath. 


limestone   b  slate 


This  mass  of  limestone  lies  upon  the  east  slope  of  a  steep  ridge, 
and  the  first  impression  which  would  be  received  hy  any  geoio* 
gist  would  be,  that  it  belongs  to  the  group  of  slates.  The  dip 
to  ibe  eye  is  so  nearly  conformable  to  the  slate  that  it  would 
probably  be  regarded  as  an  interlaminated  mass.  When,  how- 
ever, its  position  is  ascertained  partly  by  a  natural  and  partly  by 
an  artificial  exposure,  by  the  removal  of  earth  to  obtain  the 
slate  for  a  firestone,  its  superposition  is  proved  beyond  a  doubt, 
and  (he  idea  of  an  interlaminated  mass  at  once  disposed  of.  The 
rock  had  been  quarried  for  lime  many  years  ago,  and  the  exca- 
vation for  slate  led  me  to  examine  it  in  this  place,  when  it  was 
not  only  found  to  be  abov^  the  slate,  but  reveals  other  important 
facts  along  the  junction  of  the  rocks.  The  slate,  for  example, 
shows  that  it  had  been  tilted  up  before  the  limestone  was  de- 
posited upon  it.  The  out  cropping  edges  still  preserve  the  stair- 
like  arrangement,  which  we  often  see  in  slate  beds  which  are 
inclined  at  an  angle  of  from  5-7°.  It  was  upon  this  unequal 
step-like  surface,  that  the  slate  was  deposited,  and  the  conse- 
quence is,  that  the  bottom  beds  of  limestone  are  roughly  crushed 
and  partly  perhaps  concretionary.  The  junction  of  the  rocks  is 
so  well  exposed  from  top  to  bottom,  that  only  one  opinion  can 
be  adopted  respecting  the  position  of  the  limestone,  oi  which  the 
annexed  cut  shows  most  perfectly  the  relation  of  the  two  rocks. 
Now,  in  the  absence  of  direct  proof  to  the  contrary,  this  limestone 
would  have  continued  to  be  cited  as  a  part  of  the  group  of  the 
graptolite  slate,  notwithstanding  the  calciferous  has  no  right 
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geologically  to  occupy  a  position,  or  position  above  the  Utica 
slate,  for  all  the  ranges  of  limestone  west  of  Hoosick  falls,  as  well 
as  west  of  this  place,  belong  to  the  calciferous  sandstone;  and  it 
is  quite  fortunate  that  these  beds  are  fossiliferous,  containing 
stems  of  Encrinites,  a  small  Maclurea,  in  great  abundance,  one 
which  is  found  also  at  Bald  mountain.* 

If  the  Hoosick  and  associated  slates  and  shales  and  thin  bedded 
sandstones  were  what  my  friend  Mr.  Hall  and  certain  other  geolo- 
gists say  they  are,  then,  to  be  consistent  geologists,  they  should 
not  group  together  rocks  belonging  to  distant  periods.  It  is  true 
the  limestone  is  the  base  of  the  lower  Silurian,  and  the  Utica  slate 
near  the  top,  but  so  orderly  have  the  lower  rocks  been  laid  do^wn 
that  no  instance  occurs  in  this  country  or  Europe  where  the  two 
extremes  are  placed  in  contact.  In  these  statements  I  am  con- 
tending for  a  principle,  and  not  to  sustain  the  Taconic  system. 
I  have  stated  that  the  position  of  the  limestone  is  fortunate, 
inasmuch  as  we  can  begin  at  the  base  of  the  ridge  near  Hoosick 
falls,  and  trace  the  slate  step  by  step  to  a  quarry  containing 
graptolites,  and  then  from  the  quarry  we  may  trace  the  slate  to 
the  place  on  the  eastern  slope  of  the  ridge,  where  the  calcifer- 
ous limestone  rests  upon  this  slate.  It  follows,  then,  that  the 
slate  is  not  the  slate  of  Baker's  falls,  or  the  Hudson  river  series, 
which  contains  such  an  abundance  of  Graptolithus  pristis  as 
Mr.  Hall  is  inclined  to  assert;  but  I  shall  show  in  its  proper 
place,  that  the  graptolite  of  the  Hoosick  slates  is  not  the 
Graptolithus  pristis.  The  extreme  looseness  and  carelessness  in 
observation  is  shown  by  the  affirmation  that  the  Hoosick  roof- 
ing slate  rests  on  Trenton  limestone. f  In  the  first  place, 
there  is  no  Trenton  limestone  in  the  neighborhood  for  it 
to  rest  upon,  and,  in  the  second  place,  the  beds  of  calciferous 

♦  The  fossil  alluded  to  is  the  Maclurea  sorditda  of  Hall's  Paleontology,  the 
Straparollut  tordidus,  of  D'Orbinj.  Mr.  Wilder,  of  Hoosick  falls,  who  has 
accumulated  a  large  store  of  information  in  his  favorite  branches  of  science, 
geology  and  mineralogy,  has  large  slabs  of  limestone  covered  with  this  fossil. 
He  accompanied  me  to  the  locality,  and  I  am  permitted  to  say  that  his  views 
correspond  with  my  own. 

t  PalBBontology  of  New  York,  vol.  I,  p.  267  ;  idem,  p.  268. 
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sam^^tone  west  of  Hoosick  falls,  which  must,  if  any,  be  the  un- 
derlying beds,  actually  rest  upon  this  same  group  of  slates 
which  compose  (he  slate  quarries.  The  presence  of  the  Trenton 
limestone,  however,  would  not  change  or  alter  the  conclusion 
which  I  have  stated. 

But  the  occurrence  of  the  limestone,  geographically  and  geo- 
logically, is  important,  as  showing  how  observers  may  err  by 
mistaking  one  limestone  for  another.  In  this  neighborhood  the 
marbles  of  the  lower  Taconic  rocks  occur  not  in  immediate 
proximity,  but  sufficiently  near  to  lead  to  error  in  their 
determination.  These  marbles  and  limestones  it  has  been  shown 
belong  to  the  group  of  slates  in  which  they  are  found,  and  it 
would  not  be  strange  if  a  bed  of  calciferous  limestone  with 
its  fossils  was  found  superimposed  upon  a  bed  of  marble — 
not  more  strange  than  that  the  lower  Silurian  is  actually 
superimposed  upon  an  overlying  slate  of  the  same  group. 
Hence  we  see  that  the  doctrine  of  metamorphism  would  aid 
materially  in  confirming  an  error,  if  the  position  of  the  lower 
Silurian  limestone  was  not  determinable  by  actual  inspection. 
But  having  determined  it  not  only  for  once,  but  also  in  many 
instances,  and  shown  that  the  limestone  rests  upon  the  group 
unconformably  and  therefore  can  not  be  a  member  of  it,  we 
are  authorized  to  carry  our  generalizations  farther,  and  say, 
that  in  all  cases  the  lower  Silurian  holds  the  same  relation  to 
the  Taconic  groups  (even  in  Canada)  which  I  have  shown  they 
hold  at  Green  bush  and  Hoosick.  That  there  may  be  no  obscu- 
rity in  these  relations  left  to  be  cleared  up  hereafter,  I  have 
prepared  several  other  sections  which  show  how  geologists  have 
been  deceived  in  respect  to  the  superposition  of  these  outliers  of 
the  lower  Silurian  system. 

The  section  to  which  I  shall  now  direct  the  attention  of  the 
reader  is  that  of  the  Mettowee  river,  at  North  Granville.  I 
select  this,  because  I  perceive  that  Dr.  Fitch*  was  led  into  an 


♦  Transactions  of  the  New  York  State  Agricultural  Societjr,  1849,  pp.  816, 
907; 


errgr  respecting  the  true  relations  of  the  Chazj  Vitnestooe, 
IjHag  in  a  ^orge  of  this  river  about  one  mile  from  the  Tillage 
of  NcRtb  Granville,  nnd  that  I  may  not  misrepresent  Dr.  Fitch's 
ritw*,  I  diall  first  introduce  his  section,  Rgure  13,  with  his  ex- 
itiofl  of  the  phenomena. 


There  is  no  ttisagrcerneni  between  us  respecting  the  name  of 
the  limestone  represented  in  tlie  cut.  Dr.  Fitch  infers  I'rom  the 
folded  condition  ol  the  Chazy  limestone  that  it  has  involved  in 
it  the -slates  wliieh  ure  in  proximity,  and  lience,  that  all  the 
cases  of  superpusition  1  had  relied  upon,  for  proof  that  the  Si- 
lurian belongs  to  a  later  period  than  the  Taconic,  was  left 
unsupported.  Now  the  fold  in  the  limestone  is  correctly  repre- 
sented; there  is  a  plication  as  the  Uoctor  has  shown.  On  the 
left,  to  use  the  Doctor's  language,  we  have  the  black  .-hale,  or 
slate  outcropping  in  llie  same  situation,  and  in  essentially  the 
same  manner  that  it  does  at  Galesville.  To  this  succeeds  a 
thick  molten  mass  of  limestone,  in  which  no  distinct  lamination 
can  be  traced.  The  synclinal,  as  the  Doctor  calls  it,  is  finally 
reached,  and  the  beds  on  the  left  side  of  the  axis  are  less  than 
half  the  thickness  of  those  of  the  corresponding  bed  on  the  right 
side.  The  distance  from  the  a.\is  to  the  slale  is  forty  feet; 
whilst  to  the  right,  thrice  that  thickness  of  the  bed  is  passed 
over,  without  reaching  the  slate  on  the  cast,  and  the  Doctor 


OPINIONS   RELATIVE   TO   THE    TACONIC   SYSTEM. 


79 


c* 


might  have  added  more  than  ten  times  that  thickness.  The 
Doctor  goes  on  to  generalize,  and  remarks,  that  the  Bald  moun- 
tain range  of  hills  is  a  fold,  and  not  a  fracture  or  uplift. 

Without  dwelling  farther  upon  the  illustration 
of  Dr.  Fitch,  it  appears  from  the  fact  exhibited 
on  the  south  side  of  the  stream,  that  the  fold  is 
confined  to  the  Chazy  limestone,  and  that  it  does 
not  affect  the  underlying  slates  at  all,  and  hence 
the  fact  of  the  plication  of  the  limestone  does 
not  bear  unfavorably  upon  the  Taconic  system, 
but  as  the  phenomena  really  are,  sustain  the 
views  I  have  adopted.  To  show  how  the  lime- 
stone is  placed  with  respect  to  the  slates,  I 
have  introduced  figure  14,  which  was  constructed 
from  the  relations  of  the  rocks  as  they  are  exposed 
on  the  south  side  of  the  stream,  and  a  little  below 
the  great  fold  of  Dr.  Fitch's  section.  Thus  1,  1, 
Taconic  slates;  2,  Chazy  limestone;  the  slate  in 
this  part  of  the  section  being  concealed,  but  on  the 
left  three  smaller  folds  of  Chazy  limestone  are  left 
standing  obliquely  upon  their  ends,  and  between 
which  the  slate  is  exposed.  All  of  the  standing 
parts  of  the  folds,  it  is  plain  from  inspection,  may 
be  removed  from  the  slate,  and  besides  the  larger 
masses  are  seen  also  to  rest  upon  them,  though 
they  incline  downwards  out  of  sight,  but  for  forty 
or  fifty  feet  it  is  evident  the  fold  or  plicated  mass 
rests  on  the  slate  and  can  not  form  a  part  of  the 
group  to  which  the  slates  belong,  but  are  simply 
crumpled  up,  or  folded  upon  it.  This  view  is 
sustained  by  the  position  of  another  insulated 
mass  of  Chazy  limestone  upon  the  hill  north  of  this  place. 

Fig.  15. 
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figure  15,  6.    My  views  are  sustained  also  by  other  facts. 
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The  rocks,  on  leirio^  CoEBSlock'slnnding.  %.  15,  »r«  ^iwtn; 
i,  Potsdiin;  3,  cakiferotis  sandslonc;  4,  Cbazy  limcsione  resting 
upon  No.  3,  but  Ibese  rocks  dip  onlj  at  an  cmgie  of  5°  until  the 
Ckkzy,  which  citeuik  east  beyond  ilie  cntiirerous  santUlone, 
dipa  so  »s  lo  conform  nearly  with  the  Taconic  rocks,  on  whirh 
it  rrsts;  the  foW  then  only  concerns  the  Chazy  limesToiic,  which 
bprooriD  iiwlf  that  there  isDogeocral  fold  involving  the  plica- 
tion of  the  slates,  us  hasbcrri  maintained  bydistioguishpil  geolo- 
gisla.  Then  again  further  down  the  stream,  we  fiml  the  calciferoas 
sandstone  abutting  against  the  slates,  figure  Id,  a,  on  a  line  of 
Iraclurei  but  tfaiis  docs  not  prove  that  the  slates  overlie  t)ie 
calciferoua,  for  only  a  suall  part  of  tlie»en<s  of  lirot-sione  appears 
at  this  place,*  and  heaidcs,  too,  the  highest  member  bete,  (he 
Chuy  liintislotK,  A,  b  uo  the  adjacent  hill  resting  on  llie  slates 
asconfonaably. 

U  for  the  sake  uf  argwneot  it  sboold  be  admitted,  or  evea  it 
WIS  prOTfd,  th«t  the  Chazy  limeslooe  is  ii»do«ed  in  a  fold  ol 
theslalva,  which  we  kikow  ant  beoevth,  what  dan  it  provef 
M,  r.'lN  this.  tl,;u  ir  I,-  j:'  av.nl.ntal  ocairrcnc,-.  for  the  Chnzv  is 
only    the  siiUviiiii.Ui-    p.ut    (it"  the  lowtT  Silurian:   it  can  not 


l>ei'0(uf,  ttien-K-rr,  .ii 

I    .IVSO.' 

,.u.-,-nhesl.i 

,ie  -^roup  by  ilsflf.      On 

th.-  Mfitowf^'   it   IS 

.-(•[■.U.. 

;<■,!    iV.'[u    th.> 

i-alciierou^  bv  at  least 

lull  d  mile  01'  out.- 

Cx.:;<    ,-[ 

-•Ut,^:  and 

tliere  is  no  cak-iferous 

below  it  at  the  lol.l 

.       l.l  .■ 

oni'liiMOn.  1  s 

.t_v  that  the  phenomena 

in  the  air^e-jrate  il;s 

.i^r.M,- 

tK-d,vlrinec 

'i>ni-h  a  I'lication  as  to 

alf«:  the  %alUiTvoi" 

;uv  ,v. 

si-.ioruvsiHv:i 

:!■_'  the  Taconic  (iystem. 

and  iiiortover  ihf  fj 

i.-t^  di. 

south  side  ot   the  Met- 

ti>wet'  pri.'^^e  ■,!;.H   tl 

■.=■  i;.;d 

,J   rhazv   U:: 

.i,>t,>ne  lots  upon  the 

eif^fs  ot  :'.o  >;.i:f. 

..:.a  -.h. 

■u-!>r,-  d.'.-s  1 

■■j;    t;-,n  a  j^irl  ol"  the 

OPINIONS   RELATIVE    TO   THE   TACONIC   SYSTEM. 


81 


slate  group,  and  is  in  no  way  connected  with  the  slate  except 
by  its  superposition. 

§  46  The  gorge  of  the  Mettowee  discloses  also  the  manner  in 
which  rocks  thin  out.  We  began  this  section  with  gneiss.  The 
Potsdam  sandstone  is  the  next  older  rock.  It  appears  that  this 
rock  speedily  thins  out,  but  whether  it  laps  on  to  the  Taconic 
system  I  am  unable  yet  to  prove,  but  the  next  oldest,  the  calci- 
ferous  sandstone  laps  upon  this  system  and  extends  east  farther 
than  the  Potsdam  sandstone.  The  Chazy  limestone  succeeds, 
and  this  extends  still  farther  east  than  the  calciferous  and  rests  on 
the  Taconic  slates  in  its  most  eastward  prolongation,  where  it 
dips  almost  as  steeply  as  the  inferior  slates  upon  which  it  rests. 
But  at  the  west,  these  rocks  had  a  dip  of  only  5°.  When, 
however,  these  rocks  lie  near  the  great  north  and  south  disloca- 
tion or  fault  their  dips  become  steep. 

§47.  Before  I  proceed  farther  in  answer  to  objections  which 
have  been  made  to  the  Taconic  system^  I  propose  to  explain  an 
obscurity  which  I  have  often  met  with,  which,  unless  it  is  cleared 
up,  is  calculated  to  mislead  or  to  raise  doubts  respecting  the  rela- 
tions which  really  exist  between  the  Silurian  and  Taconic  systems. 

At  Highgate,  in  Vermont,  the  Missisquoi  passes  through  a 
gorge  just  below  the  bridge.  The  Calciferous  sandstone  lines 
its  banks  on  both  sides,  but  some  distance  below,  the  junction  of 
the  calciferous  sandstone  is  entirely  concealed,  even  at  rather 
low  stages  of  water,  and  from  the  inequalities  of  the  slate  which 
jut  up,  it  appears  that  the  limestone  might  form  a  part  of  the 
group,  by  plunging  down  between  the  beds  of  slate.    Thus  in  fig. 


^^  ^X^C^.NV   X 


b  c 

17  the  dotted  line  represents  the  line  of  high  water,  where  it 
would  appear  that  the  outcropping  mass  of  calciferous  sandstone, 
a,  plunged  between  the  beds  of  slate,  bj  c,  which  come  up  on  the 
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tight  and  left.  On  vistling  lliU  Incatity  at  a  tcij  lov  a 
waliT,  I  fouori  ibal  (he  catciferouft  rested  in  an  iirrpilar  tnmgl 
the  sUle,  anil  ahn  upot)  ill  nplarned  ed^es.  Tbia  &ct  cspUii 
ail  the  obscurities  ^shich  had  forranlyraisH  <h>ubb  io  By  at' 
respecting  the  relations  vt  this  rock  to  the  slate;  awl.  h^m 
riK' folia  of  fliate  are  bent  at  the  junction  of  ibe  two  rocka,  69. 
which  in  (his  case  I  attribute  tn  ilie  force  nhicb  has  been  cotui 
rirated  to  the  rocks,  although  Jl  often  occurs  that  folia  of  si 
ar«  puclfercil  at  the  juDi:tion  of  a  seam  of  calc  spar  wilb  t 
slate.  The  pbcuoroena  at  Hif^beate  throw  light  on  many  otl 
localitits,  wht-rn  lh«  lower  Silurian  rocks  are  in  contact  with' 
slalM.  Thus,  one  mile  east  of  Troy,  the  junctioo  of  the  caJ 
feroua  resembles  that  at  Ilighcate,  but  it  is  evident  that 
whole  of  the  cnlcifcrous  may  lie  remoTed  from  the  depreuic 
and  from  the  une(|iial  surfaces  upon  which  it  was  deposited. 

Another  fact,  howerer,  at  Highgate  is  worthy  of  attentt 
inaamuch  as  it  proves  the  correctness  of  my  view  already  1 
pmw-d  respecting^  the  position  of  the  calciferous  samlsto 
Thus,  fif;.  18,  the  spot  selected   for  illustration  is  just  below 


bridge.  At  vrr_\  low  walor  llie  slates  iippear  in  tlie  bed  of 
river,  and  forra  an  anticlinal  at  a;  upon  the  upturned  edge: 
this  anticlinal  the  junction  of  the  calciferous  sandstone  may 
traced,  wilb  ^reat  distinctness,  on  both  sides  of  it;  on  the  rig 
the  calciferous  extends  to  and  forms  a  mural  clitT,  on  whic 
mill  is  erected.  The  possibility  of  the  calciferous  forminj 
part  of  the  slale  Rmup  is  set  at  rest  by  this  evposure. 

I  am  now  prepare'd  Io  show  how  anolbcr  error  may  be  c( 
mitled  rospcctinR  the  period  to  which  ii  limestone  belongs; 
error  which  I  suppose  has  been  already  committed  by  sevi 
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geologists.  At  Orwell,  Vt.,  see  fig.  19,  the  calciferous  sandstone,  c, 

Fig.  19.  a 


e  b         a 

occupies  the  plain  upon  which  the  village  is  built.  Eastward 
a  few  rods,  a  limestone,  a,  crops  out  in  proximity  with  the 
former,  but  how  many  yards  apart  they  may  be  I  can  not  now  state. 
With  only  a  superficial  examination,  they  wouFd  be  regarded 
as  one  rock,  belonging  to  the  same  period.  On  a  carefVil 
examination,  however,  it  is  clear  that  the  eastern  mass  rests  oh  a 
greenish  slate,  and  by  going  east  a  short  distance  the  evidence 
is  plain  enough  that  a  slate,  e,  also  overlies  it,  so  that  it  is  in^ 
closed  between  beds  of  slate,  and  m  this  respect  it  is  similar  to 
the  limestone  which  lies  in  the  tunnel  of  the  Western  rail  road  near 
the  stale  line,  and  which  belongs  to  the  slate  group,  as  is  clearly 
proved  by  observation.  Having  determined  that  the  eastern  lime- 
stone at  Orwell  lies'between  bedsof  slate,  our  convictions  it  seetti^ 
should  be,  that  it  is  not  lower  Silurian,  not  Trenton,  nor  either 
of  the  masses  into  which  the  lower  Silurian  liitoestones  have  beerii 
divided.  But  what  is  the  limestone  on  which  the  village  is 
built?  To  determine  this  question,  I  traced  it  northward, 
keeping  it  in  view  for  a  few  miles,  ditd  then  turned  directly 
west  towards  the  lake.  On  passing  d^ef  two  or  three  rocky 
terraces  composed  of  this  rock,  I  came  directly  upon  thd 
Potsdam  sandstone  which  cropped  out  from  beneath  thissilicious 
limestone,  and  overwhich  I  had  passed,  and  which  I  had  traced 
from  Orwell.  The  result  of  this  examination  proved  that  the 
rock  at  Orwell,  which  seemed  almost  to  join  on  to  the  sparry  lime^ 
stone  between  the  slates,  is  the  calciferous  sandstone.  The  tWi) 
limestones  therefore  might  be  contoonded,  but  without  the  aid  of 
a  fossil,  the  geological  formation  to  which  the  calciferous  sand- 
stone belongs,  is  proved  by  simply  determining  its  relations,  and  at 
the  same  time  it  is  also  proved  that  another  limestone  of  a  different 
period  cropped  out  very  near  it,  and  might  have  been  confounded 
with  it.    It  proves,  too,  the  fallacy  of  the!  doctrine,  that  thi; 
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lower  Taconic  rocks,  or  the  lower  limestones,  are  but  altered 
Silurian;  we  have  two  limestones  of  different  ages  together — 
one  rests  on  Ihe  Potsdam  sandstone,  and  is  of  the  Silurian  age, 
the  other  on  slate,  and  belongs  to  the  Taconic  system.  The 
theory  of  plications  and  folds  it  will  be  seen,  will  not  explain 
the  phenomena  or  the  facts.  It  is  not  even  a  plausible  hypothesis, 
when  oiTered  in  explanation  of  the  phenomena  I  have  related. 
I  have  been  unable  yet  to  detect  fossils  in  the  sparry  limestone 
of  Orwell,  but  its  condition  is  as  favorable  for  their  existence 
as  in  the  calciferous  sandstone.  This  locality  proving  the  ex- 
istence of  a  limestone  which  can  not  be  placed  in  coordi- 
nation with  any  of  the  limestones  of  the  lower  Silurian,  throws 
the  burden  of  proving  the  period  to  which  it  belongs  on  other 
shoulders,  provided  it  does  not  belong  to  the  Taconic  system. 

The  sparry  limestone  at  Orwell,  when  its  relations  are  inves- 
tigated, shows  that  what  my  friend  Prof.  Rogers  claims  as  having 
proved  is  not  yet  established,  viz:  that  the  limestones  of  Berk- 
shire are  only  the  altered  blue  limestones  of  the  lower  Sildrian, 
for  this  exhibits  the  same  relations  as  the  Berkshire  limestones; 
and  I  go  farther  and  remark,  that  the  section  of  rocks  from  Orwell 
to  the  lake  exhibit  a  series  of  dislocations  and  faults  only;  and 
though  my  section  was  not  designed  for  this  purpose,  yet  it  shows 
the  relations  of  the  rocks  as  they  succeed  each  other,  beginning  at 
Orwell  and  going  west  to  the  lake,  in  which  distance  there  are 
no  less  than  four  dislocations;  and  the  order  of  arrangement, 
beginning  with  the  limestones  is  such,  that  we  pass,  by  suc- 
cessive steps,  from  the  oldest  to  the  newest,  terminating  with 
those  on  the  lake,  the  Utica  slate  and  Trenton  limestone,  which 
we  reach  by  a  series  of  descending  steps,  though,  geologically, 
we  are  ascending.  Thus,  figure  19,  a,  sparry  limestone;  6,  &, 
slates;  c,  calciferous  sandstone;  (i,  Potsdam  sandstone;  £,  Utica 
slate  and  Trenton  limestone. 

Bald  mountain  and  the  neighboring  hills  and  ridores  in  Wash- 
ington county,  N.  Y.,  furnish  also  many  important  facts  bearing 
directly  upon  the  relations  the  Taconic  system  sustains  to  the 
lower  Silurian.     This  mountain  is  capped  with  the  lower  Silu- 
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rian  rocks;  their  position  and  situa- 
tion are  exhibited  in  figure  20;  c,  d> 
calciferous  sandstone;  the  mass,  c,  is 
a  compact  black  limestone,  and  ap- 
pears unlike  and  distinct  from  the  rock. 
Silicious  and  black  masses  perfectly 
well  defined  occur  frequently  in  this 
neighborhood  in  the  calciferous  sand- 
stone, but  they  are  varieties  of  that  rock 
notwithstanding  their  color.    The  Ta- 
conic  slate  crops  out  from  beneath  the 
calciferous  at  6,  6,  on  the  west  or  left 
hand  side  is  slate  rock;  6  appears  on  the 
east  or  right  with  a  steep  dip;  at  c,  c, 
on  the  left,  are  fractures.   The  dark  co- 
lored limestone,  c,  has  been  quarried  for 
more  than  forty  years,  and  the  front 
has  been  worked  back  thirty  or  forty 
feet,  down  to  the  slate,  6.     The  ques- 
tion to  be  solved  at  this  place  is,  whe- 
ther the  slate,  6,  on  the  left,  is  the 
Utica  slate,  or  any  other  slate  of  the 
Silurian  system;  there  is  no  difference 
of  opinion  respecting  the  mass,  c,  iy 
all  agree  that  it  is  the  calciferous  sand- 
stone.    If  the  slate,  b,  is  Silurian,  it 
follows  that  at  this  ])lace  there  is  a 
plication,  and  the  slate  is  folded  under 
the  limestone.     The  fact  which  mili- 
tates against  this  view  is,  that  on  the 
south  side,  and  at  a  point  nearly  under 
(f,  near  the   summit,   an   excavation 
Was  made  in  search  of  coal;  the  shaft 
was  begun  in  a  lateral  shelf  of  the  limestone,  near  the  base  of 
the  mountain.     This  shaft  was  carried  through  the  limestone 
into  the  slate,  6,  beneath  it.     Now,  this  fact  taken  in  connection 
with  another,  viz:  that  the  limestone  does  not  penetrate  the  slate 
on  its  southern  flank  any  where  between  6,  6,  on  the  right,  proves 
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incontestibly  that  the  limestotie  merely  caps  the  hill.    If  it« 
a  part  of  the  siale  group,  we  should  find  it  in  the  direction  of 
strike  in  the  slate. 

Afrain,  if  a  plication  exists  and  the  slate,  6,  is  the  Uliea 
slate,  then  there  are  facts  brought  together  which  involve  i 
physical  impossibility,  inasmuch  as  the  limestone  upon  the  slate 
should  in  that  case  be  the  Trenton  limestone,  which  always  un- 
derlies the  Utica  slate;  the  calciferous 
sandstone  could  not,  therefore,  in  the  case 
of  an  inversion  be  brought  into  immediate 
contact  as  it  is  with  the  slate,  but  it  should 
be  the  Trenton  limestoue.  The  fossils  of 
the  rock  restingon  the  slate,  however,  arc 
those ol  ihe  calciferous  sandstone,  viz:  ibe 
Maclurea  sordida.  Hall's  PalcPontology, 
pi.  3,  fig.  21.  They  occur  upon  the 
thin  bedded  limestone  towards  the  top 
of  tbe  hill,  as  well  as  in  the  more  compact 
beds  just  above  the  slate.  If,  on  the  con- 
Irary,  there  is  no  inversion  and  the  phe- 
nomt-nii  do  not  indii.iite  it,  tlien  here  is  a 
slate  which  is  not  Sil>irian;  it  crops  out 
from  beneath  rocks  which  art:  known  in 
this  country  as  the  lowest  beds  ol  the  lower 
Silurian  and  besides  may  be  traced  beneath 
the  mountain  and  beyond  it  eastward, 
forming  a  part  and  parcel  of  ihe  series,  b, 
cropping  out  in  the  figure  on  the  right. 

Now,  all  the  knobs  resemble  each  in 
this  neighborhood  in  being  capped  in  this 
way.  MountTobey,  iig.il,  not  far  distant, 
is  an  example  ot  ihe  same  as  ligure  20, 
being  capped  with  sandsluiie  The  lower 
part  of  the  limestone  dips  at  an  angle  of 
about  10"  to  the  east;  on  the  contrary,  on  the 
lop,  at  'i,  it  dips  steeply  to  the  west,  The 
slate  beneiHh  may  be  tiaced  around  the 
mountain,  without  eshihiting   tbe  lime- 
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stone  upon  its  beds.  It  is,  therefore,  a  mass  resting  on  the  top  of 
the  mountain  unconformably  to  c,  c,  the  slate  on  both  sides  of  the 
mountain.  The  slate  at  6  dips  steeply  east.  The  dips,  weretbere 
no  other  facts,  decide  the  question  of  superposition. 

.  f^r  I'  ^Q3  been    stated   in   Silliman's 

/\  Journal,*  that  Dr.  Fitch  found  the 
Trinucleus  concentricus  in  this  region, 
adducing  it  in  proof  that  the  rocks  be- 
long to  the  Silurian  system.  This 
statement  will  not  probably  deceive 
any  one.  The  fact,  however,  is  im- 
portant, as  by  it  we  prove  the  greater 
antiquity  of  the  Taconic  roclcs  than 
the  rocks  in  which  it  was  found. 

^  48.  On  the  structure  of  Snake 
mountain  and  the  evidence  Us  Hruclure 
furnishes  in  support  of  the  Taconic 
system. — This  little  mountain  in  Ad- 
dison county,  Vt.,  is  seven  miles  east 
of  Lake  Champlain.  7*he  rocks  be- 
tween the  lake  and  base  of  the  moun- 
tain are  lower  Silurian.  The  Trenton 
limestone  with  slaty  beds  lie  upon  the 
western  flank  of  the  mountain,  fig. 


In  the  ascending  order,  2,  3,  4  and 
5,  the  rouks  are  calciferous  sandstone, 
Cha^  and  Trenton  limestoaes.  And 
that  I  might  exhibit  the  relations  of 
the  calciferous  sandstone,  2,  at  the  top 
of  the  mountain,  it  is  made  across  its 
northwest  angle,  where  in  a  few  hun- 
dred yards  we  pass  over  to  the  slate 
S,  S,  which  crops  out  both  on  the  west 
and  north  sides  beneath  No.  2,  and  on 
the  north  side  extends  from  the  top  to 
the  bottom  of  the  mountain.  The 
Silurian  rocks  2,3, 4, 6,  rest  against  the 


^•.^ 


•Silllman'i  Joamkl,  vol.  nx,  for  lUj,  1S5S,  p.  434. 


£UEB1C&N   OEOLOOT. 

mounlain     At  S  and  F  there  is  a  fracture  and  dislocation  which 

may  be  traced  in  the  direction  of  the  mounlain  axis,  four  or 
five  miles.  The  dip  of  ihe  Silurian  rocks  is  from  ten  to  fifteen 
degrees;  of  the  Tauonic  slates.  S,  S,  twenty-five  to  thirty 
degrees.  At  the  northeast  base  of  Ihe  mountain,  perhaps  ihree- 
fourths  of  a  naile  Irom  ils  siiinmii.  the  slates  crop  out  again 
below  a,  on  the  letl,  beneath  the  cakiferous  sandstone. 

The  summit  of  the  mountain  is  calciferous  sandstone  and  is 
exposed  in  a  perpendicular  mural  precipice  fur  four  or  five 
miles.  The  debris  and  fallen  masses  from  this  bold  front  gene- 
rally conceals  the  underlying  slate,  but  it  crops  out  beneath  it 
at  one  or  two  places,  while  on  the  north  side,  2,  S,  the  whole 
slope  is  exposed  and  consisis  of  one  mass  of  slate  from  the  cal- 
ciferous sandstone  to  the  bottom  of  the  mountain. 

The  calciferous  sandstone  in  this  region  is  ol'ten  red  or  choco- 
late color,  especially  the  inferior  part  of  it.  The  gray  varielj 
at  Burlington  graduates  into  the  red,  and  the  Potsdam  which  is 
used  as  a  flagging  stone,  at  Burlington  and  other  places, 
is  usually  brown  or  chocolate  colored  aUo.  But  the  blue  and 
gray  with  a  sparkling  luslre  are  found  in  the  masses  composing 
the  mural  wall  at  Snake  mountain.  The  junction  between  the 
Taconic  slate  and  Trenton  limestone  and  ils  upper  slates,  or  the 
Chazy  limestone  on  the  west  flank  of  the  mountain,  has  not  been 
observed. 

The  foregoing  statement  respecting  the  relative  position  of 
the  rocks  of  Ibis  mountain  seems  to  be  all  that  is  required  to 
establish  the  inference  I  have  drawn  from  tliem.  1  need  not 
dwell  on  the  error  which  has  been  comznitted  by  regarding  the 
chocolate  colored  roek  the  Sledina  sand>tone,  or  attempt  to  show 
that  the  plication  theory  will  not  adjust  Ihe  rocks  so  as  to  make 
the  black  and  greenish  slates,  S,  the  Utica  slate  or  Hudson  river 
group.  It  is  one  of  simple  dislocation,  where  the  older  rock  on 
the  east  side  is  elevated  vertically  liigher  and  above  a  newer 
series  on  tlie  west.  The  rocks,  in  ihis  case,  are  not  engulphed 
upon  the  west  side;  all  the  phenomena  seem  to  prove  th;it  the 
whole  mass  composing  the  mounlain  w'as  raised  veriically,  but 
the  east  side  was  separated  from  the  west  by  fracture,  and  ele- 
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vated  above  it  The  series  between  the  mountain  and  the  lake 
occupy  a  much  lower  position  than  those  upon  the  flank  of  the 
mountain,  proving  that  the  latter  have  been  broken  from  the 
former  and  elevated  above  them.  We  find  in  Snake  mountain 
a  fact  of  common  occurrence,  a  fracture  at  the  base  of  the 
ridge  or  mountain,  and  another  running  through  it.  Bald  moun- 
tain, which  has  been  described,  is  another  instance  of  this  kind. 
In  fine,  with  respect  to  Snake  mountain,  the  position  of  the  mass 
2,  on  the  top  of  the  mountain,  and  which  covers  the  eastern 
slope,  proves  that  it  is  an  overlying  mass  and  an  inspection  of 
the  junction  of  the  inferior  beds  which  often  jut  over  and  beyond 
the  slate  immediately  below,  proves  that  it  was  deposited  upon 
the  slate,  and  as  the  two  are  unconformable  both  in  the  amount 
of  dip  and  direction  it  is  also  evident,  that  they  do  not  belong 
to  one  group  or  series.  At  this  place  the  former  is  the  base  of 
the  Silurian  system.  It  is  very  silicious  generally,  and  might 
be  called  a  sandstone,  yet  it  is  rather  a  mass  intermediate 
between  the  calciferous  sandstone  and  the  Potsdam  sandstone. 
It  is  the  same  rock  as  that  at  Burlington,  and  at  Sharp  Shins, 
two  miles  northwest  of  Burlington,  where  the  same  black  slate 
crops  out  as  at  Snake  mountain.  Those  who  wish  to  satisfy 
themselves  of  diflference  between  the  Hudson  river  group  and 
the  slate  beneath  the  calciferous  of  this  mountain,  should 
explore  the  north  end  of  it,  where  they  will  find  a  mass  of 
slate  from  top  to  bottom  laid  bare  by  a  small  stream  which 
takes  its  origin  immediately  beneath  the  jutting  calciferous 
sandstone,  and  which  by  this  little  stream  has  been  undermined 
for  centuries,  and  from  which  huge  blocks  have  been,  and  are 
still  broken  and  carried  down  the  mountain's  side,  and  are 
found  distributed  far  and  wide  upon  its  northern  and  western 
sides.  This  slate  is  uncovered  in  a  continuous  mass  betweea 
700  or  800  feet  thick.  I  was  unsuccessful  in  a  search  of  a  few 
hours  for  fossils,  and  yet  it  is  similar  to  other  exposures  where 
I  have  found  graptolites. 

12 


TW  nctiav  ttf  the  dicr  ites,  vkadi  fe««v  bva  gma  1^^ 
Pfot  Sg4jprick,  rf  tW  CihriM  wcfcu.  o^flai*  jfiiftm  fcrti 
vkack  bare  a  hanag  ipM  Ac  faotfa*  «««^siiag  tW  viu*- 
«ce  of  »  itffwi^iF?  aris  or  ^ttm  Wlov  the  saarin. 
TWaectka  ikaagfc  Ike ftiiiaw  fen«  ■>  ia  pabt  a*  it  Mnyei 
■a  W  CHMtaai  k  -wkk  iteiiiai  Awii^  iW  «t«ia  brlwyjg  to 
IW  Tieiaic  iTMea.  Far  i  ■■■|ili.  the  »fa<MM  oT  ibe  Conia* 
lea  iJaartSM^  4  a,  lad  tW  ealonoai  fla^onev  4  V  to  lower 
BJlwiaa  ef  diii  ceaetij.  Ii  app«wa  to  bare  bees  dHennteed 
ae  leacacvai  18<7-4. ibat tk CoaadM  limstone,  ubicb  b« 
part  ef  tbc  Mrice  id  ibe  vctiea  of  Ibr  SkKitiaw  forvst,  coo- 
Uioe  lover  Sturtaa  fnatJli,  bat  stiD  hner  s  nn  series  of 
•bit*  oarfced  No.  3  ia  tbe  leclioB  i>refoa&d  to  be  fossilifcroaa, 
afMlPMC&>d^ickrc!gai^ihae  knmsetiraof  dales(SbMlilav 
■Ilia)  IB  Englaoit.  a«  the  oMart  ftaasil  ^rmip  of  the  British  isloL 

wliii.h  lontain-  Iom'-.-  Sijurian  fossi's.  It  i-  ;ht  pr'>iiion  of  the 
C'jiiis'ot,  !iir,iM',f,- lomiarfeil  with  ihir  }>  -j-i'-n  ■■■;  tlie  cali-ife- 
rouH  >.ar;iKtorj'-  lo  ^vKiili  I  ^i-h  lo  direc;  tr.e  aitfntj.jn  ol"  (he 
^^-a'l^r;  l)i'-  i'.rmi.T  j^  a  |iart  '.['  a  [>1]_v>um1  i;rfnip  conformable 
.sj.i,  .l,'-l',w.V  l.,SMlik-r',us  (,w|s:  while  The  laturb  not  a  part 
ot  ihf  ^M'luji  r,(  .h,t.  >,  ,.1,;.,  r,:  il,e  series  at  i.i!.  heiwj.  neither 
in  i:','if(firiHli'iii  witli  a  Tutfutjcr  or  eonlmiuabie  to  any  part 
ni  tin-  'I'kioiiii:  sysu.-m  lint  as  Aitn-rican  ii-ol'^irists  have 
walch.-il  lln-  <!isi:ushinri,s  [j'dng  on  in  KriL-iaiid  ri>s|n.'i-iitic  the 
ctiiiiiis  'li  ilii-  Cambrian  sjstem,  and  as  all  the  r<iire>t'nIations 
of  itt  htraiM  (.airy  the  idea  of  conforraabilil\.  nnt  only  among 
tlK-imelvi  s  but  also  with  the  Silurian  systetii  anil  as  Silurian 
foHxils  diararlcrizt;  these  lower  beds,  the  opinion  has  i^air.etl 
(jroiii.d  tlii.l  the  Cambrian  is  only  a  ruo.lille.l  rnndllion  nf  the 
Iriwer  Siluriaji,  anil  hi-nte  lliK  same  view  has  also  been  lakeo 
tesjiectini^  the    Taconic    syslem.     The  representations    which 

•  Proctwding*  of  the(jeolugi<Bl  Society,  vol.  iv,,  p.  218. 
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have  been  made  have  conveyed  precisely  the  Cambrian  type. 
W  hereas  the  facts  proving  the  relative  age  of  the  Taconic  sys« 
tein  conlain  another  order  of  proof  entirely.  The  Silurian 
limestones  in  the  Taconic  districts  do  not  form,  asl  have  shown, 
a  subordinate  part  of  the  Taconic  series,  but  they  are  always 
overKiiig  unconformable  strata,  as  represented  in  all  my  sec- 
tions, the  most  instructive  of  which  is  the  Hoosick  section,  fig. 
11.  It  is  in  consequence  of  that  misrepresentation  of  facts 
which  has  prevented  the  adoption  of  the  Taconic  system  here 
and  abroad. 

Before  I  close  my  remarks  on  the  objections  which  have 
been  brought  forward  in  opposition  to  my  former  views  of  the 
Taconic  system,  I  ieel  bound  to  notice  those  which  have  been 
urged  by  Prof.  Rodgers  on  several  occasions  when  the  question 
came  up  for  discussion  in  the  meetings  of  the  American  Associ- 
ation. 

I  have  anticipated  in  the  main  Prof.  Rodger's  objections. 
But  by  stating  the  points  at  issue  in  a  formal  manner,  I  shall 
be  able  to  clear  up  the  objections  to  his  and  my  own  satisfac- 
tion. The  principal  fact  is  admitted,  viz:  that  there  are  rocks 
cropping  out  from  beneath  the  lower  members  of  the  Silurian 
system.  If  these  rocks  which  crop  out  from  beneath  the  Silu  • 
rian  beds,  are  not  in  their  original  relation  or  position,  then 
the  question  of  age  is  debatable.  If  these  inferior  rocks  are 
in  their  original  relation  and  position,  then  it  follows  that  in 
this  country  there  are  fossiliferous  rocks  older  than  the  Silurian 
system,  for  it  is  settled  beyond  a  doubt  that  the  Potsdam  sand- 
stone is  the  base  of  the  system  in  this  country.  Prof.  Rodgers 
maintains  that  the  inferior  slates,  those  at  Bald  mountain  and 
upon  that  range,  those  at  Snake  mountain  and  at  Burlington, 
Vt.,  Greenbush,  Troy,*  and  many  other  places,  are  not  in  their 


^  I  should  state  that  Prof.  Rodgers,  in  his  remarks,  has  never  given  locali- 
ties  upon  which  he  has  based  his  opinions.  He  has  referred  to  Snake  monn- 
tain,  but  it  was  in  terms  which  satisfied  me  that  he  had  seen  but  a  small  part 
of  iho  series,  and  hence  was  unprepared  to  exprew  an  opinion. 


original  position  It  is  suDicient  lo  say  thai  at  all  iBeplarraT 
have  named,  this  klale  crops  out  iVoin  bfnealh  rocks  of  the 
lower  Silurian  age.   This  is  admiited  by  all  geologials. 

Now  the  explanation  which  Prof.  Kod^ers  i^ives  is  this,  vig: 
that  wherever  these  relations  exist  which  I  have  stulei],  they  are 
rfue  to  an  inversion  of  ibe  lower  Silurian  rocks;  and  ihe  stipc-rior 
maues  are  folded  beneath  the  older;  and  as  the  strata  are  plicntnl 
in  mass,  ami  as  the  Hudson  river  grnup  succeeds  the  lituestonea, 
the  former  consisting  of  black  slates  and  sandstones  in  tbe  pli- 
caiioD,  the  latter  are  folded  beneath  the  former;  and  hence  thia 
black  slate  which  ]  have  had  occasion  to  speak  of,  is  no  more 
than  tbe  Utica  slate,  or  a  slate  near  its  horiwin. 

01  this  opinion,  I  do  not  propose  to  express  doubts  as  to  Ha 
being  iheorelically  possible,  neither  to  deny  that  it  oiay  exist 
Bs  a  fact.  But  I  do  nay  that  from  Georgia  to  Maine,  there  »K 
no  plications  which  create  tbe  least  intricacy.  I  speak  of  phe* 
nomena  and  the  interpretations  which  they  themselves  suggest, 
as  rational  interpretations  which  we  should  put  upon  them. 

We  have  only  lo  cxiiinine  iht-  localities  in  detail  where  the 
suppoiied  plications  exist,  to  be  salislied  that  the  pli<:alion  or 
fold  has  not  reached  'he  slate,  and  if  ihe  slate  beneath  has  sul- 
fered  a  nioveincnl,  il  has  extended  its  influence  to  the  mass  as 
an  overlying  one,  prior  lo  that  movement;  it  has  crumpled  up 
the  limestone  between  two  ridges,  as  at  the  iMeltowee,  where  the 
fold  is  still  visible  in  the  liuieslone,  but  not  in  the  siale,  or  it  is 
not  such  a  fold  as  lo  place  one  rock  beneath  the  other. 

The  objecliiiii  lo  Prof.  Bodgers'  explanation  must  be  consi- 
dered also  iii  a  niechanicnl  iighi,  and  aticnded  wiih  cllecis  power- 
ful in  proportion  to  Ibe  masses  displiiced  ami  laiil  in  an 
inverted  position,  I  maintain  that  the  filling  nie.'har:ical 
effects  of  an  iiiversioii  should  be  ainon^  the  most  prominent 
pbenotiicna;  whereas  none  exist.  In  the  next  place,  admitlim' 
an  inversion  of  all  the  Silurian  rocks  in  a  fold,  so  as  to  place 
the  slates  at  the  bolloin,  then  upon  Hie  slate  in  the  ascending 
order,  we  shall  find  llie  Trenton  linieslone,  the  next  the  birdseve 
and  Black  river,  and  lastly  Ihe  eaiciferous  and   Potsdam  sami- 
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stone,  if  the  latter  is  present.  We  shall  look  then,  if  the  theory 
is  true,  for  the  Trenton  limestone,  as  the  rock  ^hich  rests  im- 
mediately upon  the  slate;  but  what  do  we  invariably  find?  It 
is  calciferous  sandstone,  there  is  no  exception,  or  Potsdam 
sandstone  when  it  is  present.  This  fact  can  not  be  reconciled 
with  the  theory  of  an  inversion,  inasmuch  as  it  is  a  physical 
impossibility  to  arrange  the  rocks  in  the  order  we  find  them. 
Admitting  again  the  theory  of  plication,  I  say  it  can  not  deceive 
us,  or  lead  us  into  error.  The  theory  supposes  a  succession  of 
close  plications  or  folds.  In  this  case,  every  alternation  in  the 
fold  corrects  the  error  of  the  inversion.  If  the  true  order  is  de- 
termined, then,  the  series  is  a  check  upon  its  own  errors.  Be-* 
sides,  on  the  southeastern  slope,  before  the  inversion  takes 
place,  if  there  is  one,  the  rocks  must  occur  in  their  true  order  of 
superposition,  and  by  the  exposures  on  these  slopes  will  prove 
a  check  upon  their  inverted  position  on  the  northwestern  side. 
In  proof  that  plications  can  not  involve  us  in  the  error  which 
has  been  supposed,  and  mislead  as  to  order  of  superposition,  I 
have  found  the  Taconic  slates  on  both  sides  of  a  ridge,  and  the 
lower  Silurian,  confined  to  the  crest  of  the  lidge,  showing  that 
the  mass  of  the  ridge  is  slate,  with  only  a  crest  or  capping  of 
lower  Silurian,  which  it  seems  to  me  proves  there  never  was  a 
fold  or  inversion,  but  a  simple  dislocation. 

Facts  are  always  useful  aids  when  debating  important  ques- 
tions. In  the  midst  of  the  most  disturbed  districts  of  Virginia, 
at  the  head  waters  of  the  Clinch  and  Holstein,  the  lower  Silu- 
rian never  furnishes  an  instance  of  an  inversion  or  plication  by 
which  the  Lorraine  sandstones  and  shales,  &c.,  are  folded 
beneath  the  Potsdam  sandstone  or  calciferous  sandstone.  See 
fig.  8,  where  their  order  is  represented.  The  insuperable  diflS- 
culties,  then,  which  attend  this  theory  require  its  dismissal; 
besides  the  slate  beneath  the  calciferous  can  not  be  regarded  as 
the  Utica  slate,  or  any  of  the  beds  next  above  it,  in  the  Silurian 
series.  If  it  is  carefully  examined  across  the  line  of  strike  or 
dip,  we  find  it  in  conformity  with  beds  whose  fossils  are 
unknown  in  the  Silurian  system. 


AUKlEICtV  GEOLUOr. 

A  theory  which  may  be  true  in  the  abstract, 
maybe  sustained  by  facts  <IiscloseH  at  certain  localiiies,  still 
when  it  fails  In  explain  the  phenomena  at  other  placrsand  ia 
eren  entirety  at  variance  with  ihe  principal  fanls,  should  bf 
abatidoned  lis  comlitions  require  that  the  rocks  K'hen  |i)icatnl 
should  tie  in  a  certain  order,  ihcy  must  tie  in  a  certain  relalron 
whii'h  the  theory  supposes,  but  it  is  almost  needless  to  .taj, 
that  the  order  in  which  they  actually  lie  upon  the  lines  of  fault 
in  Vermont,  New  Yorli  and  Virginia,  is  entirely  at  variance 
with  the  position  thelheorj'  requires.  Indeed, n'hen  ihr^  theory 
is  applied  to  the  rocks  under  consideialinn,  ax  explxnatnry  ol 
their  present  position  it  involves  a  physical  impossibility,      ^fl 


SUMMARY  i»K  I'BOdF  CONTAINKD  IN  TliB  TOHKOOINCJ  RBVIBW  OF 

OPIKIONS. 

^  50,    1   The  proofs  are  found  in  the  constant  relation  wbidi 

the  lower  Silurian  rocks  hold  to  both  divisions  of  the  Taconic 

system,  the  rctaiions  bein2  ihDse  of  an  older  nnd  newer  system, 
inasmuch  as  Ihe  evidence  of  supcrpnsilion  in  consequence  of 
sucut'ssion  is  an  incnntrovertibte  fact. 

2.  I(  has  bL-cn  stiown  (hat  where  tliu  Silurian  rocks  were 
folded  or  plicated,  the  fold  itself  did  not  exiend  to  the  slate 
upon  which  the  Silurian  rocks  repose.  Tlie  fold  is  confined  to 
Ihe  overlyinj;  and  uiiconfurmable  rock,  so  that  in  the  cases  of 
plication  tlie  evidence  of  dilFerent  ])eriods  to  which  tlie  rocks 
belong  isslren^^lhened. 

3.  Again,  I  have  proved  that  when  a  member  ol  ilie  lower 
Silurian  seems  lo  occupy  a  conformable  position  to  the  slate 
beneath,  and  hence  might  belong  lo  it  as  a  member  of  a  group, 
yet  it  is  stilt  proved  that  the  mass  is  really  unconformable  and 
rests  on  an  inclined  surface  of  tlie  slate,  as  at  Iloosick  falls. 

4.  It  has  also  been  proved  tliat  troughs  in  which  a  member  of 
the  tower  Silurian  group  was  di;posiled  may  deceive  by  convey- 
ing the  impression  ihat  the  included  limeslorLe  belonged  to  slate 
as  a  member  of  (he  group,  as  at  High^ale,  V(, 
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5.  I  have  also  made  it  evident  beyond  a  doubt  that  the  fact 
of  the  existence  f  f  Silurian  rocks  in  the  midst  of  the  Taconic 
system  furnish  by  their  presence  and  their  relations,  the  highest 
possible  evidence  of  the  existence  of  the  Taconic  system. 

6.  The  strength  of  the  evidence  is  increased  (if  possible) 
when  it  is  considered,  that  these  masses  of  Silurian  rocks 
though  really  isolated,  overlie  both  divisions  of  the  Taconic 
system,  that  they  are  found  at  the  western  and  eastern  borders 
of  the  system  and  always  occupy  a  position  >uperior  to  and  un- 
ionlbrmable  with  the  Taconic  rocks  upon  which  they  rest 
These  overlying  outliers  dip  in  all  directions,  sometimes  west 
and  sometimes  east  and  northwest,  etc.,  according  to  local  cir- 
cumstances; another  proof  of  the  general  uncontbrmability  with 
the  system. 

7.  I  have  shown  that  the  theory  of  plications  has  certain 
physical  impossibilities  to  perform  when  it  is  attempted  to 
apply  it  to  any  part  of  the  Taconic  system  where  the  overlying 
rocks  are  of  the  lower  Silurian  epoch,  the  order  in  which 
the  plicated  mass  must  lie,  being  totally  different  from  that 
which  exists  along  the  lines  of  fracture  as  at  Bald  and  Snake 
mountain,  etc. 


THE  TACONIC  SYSTEM  CONSIDERED  AS  THE  REPOSITORY  OP  THE 
METALS  AND  AS  A  PERIOD  OF  ERUPTION. 

§51.  It  is  a  rare  combination  or  phenomena  which  circum- 
scribes an  epoch  of  geological  events  so  clearly  and  so  closely 
that  it  can  be  referred  to  a  subordinate  part  of  a  given  period. 

Indeed  most  of  the  references  to  periods  are  rather  approxi- 
mations than  determinations,  and  probably  the  references  which 
I  may  make  of  the  epochs  of  veins  and  eruptive  rocks  in  the 
Taronic  system  may  partake  more  of  the  former  than  the  latter. 
Still,  when  all  the  facts  are  brought  together  and  weighed,  I 
am  disposed  to  regard  the  veins  and  eruptive  masses  which 
traverse  this  series  of  rocks  as  really  belonging  in  part  to  the 


'"'■"fir,  M 
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Taconic  period.  This  result  which  I  have  stated  ia  rather  con* 
firmed  hy  the  fact  that  Ihe  presence  of  eniptiyc  rocks  ia 
coolined  to  ihe  earliest  part  of  the  succeeding  period,  aad  hence 
it  may  appear  that  the  eruptive  period  to  which  the  veins  and 
dykes  ot  greenslooe  aiid  porphyry  belong  may  be  referred  with 
■  greater  exactitude  to  both  periods,  the  first  part  of  Ihe  Tai 
and  the  tir&t  part  also  of  the  Silurian  period. 

§B2.  Veim  which  may  be  regitrdeil  ni  beloti^ing  to  the 
conic  petiod. — The  lower  slate  rocks  of  the  Taconic  system  are 
remarkable  in  some  parti  of  the  country  for  ilte  frequent 
occurrence  of  veins  of  milky  quartz.  In  New  England  and 
New  York  they  are  while  opaque  masses  traversing;  the  rocks 
with  very  lillle  regularity.  They  usually  appear  to  thin  out 
rapidly,  running  out  from  a  large  mass  in  thin  sirings,  and  to 
terminate  very  soon  in  the  neighboring  rouk.  Besides,  tl 
not  only  end  speedily  in  a  lateral  direction  as  I  have  stated,  bi 
appear  also  to  ihin  out  beneath  and  to  terminate  in  thin  strii 
So  constant  are  these  veins  or  irregular  masses,  that  the 
cose  slates  may  be  s;iid  to  be  characterized  by  them. 

The  minerals  which  are  associated  with  this  kiml  of  quartz, 
are  chlorile,  sulpburet  of  iion  iu  crystals,  carbonate  of  iron  and 
stains  of  manganese.  Tliey  can  not  be  regarded  as  metalliferous, 
nolwithstanding  we  frequently  find  in  (hem  a  few  of  the  metallic 
combiiiiitions.  But  VL-ius  possessing  the  character  of  true  veins 
also  belong  to  the  lalcuse  and  chloritic  slales,  which  is  their 
veinstone  also,  and  I  am  unable  to  perceive  that  the  quartz  in 
itsmineralogical  cliaraeters  differs  from  that  already  reterred  to. 
The  veins,  however,  of  the  latter  extend  laterally  and  in  depth 
to  an  indeterminable  distance;  and  when  they  divide  into 
Strings,  the  fact  may  be  regarded  as  an  exception  to  the  general 
law  or  rule  which  they  obey. 

The  latter  are  metalliferous;  and  to  this  class  wc  may  refer 
both  the  auriferous  and  cupriferous  veins  of  Virginia,  North 
Carolina  and  Georgia.  Tiie  roik  in  which  the  gold  occurs  in 
the  southern  slates  is  regarded  by  many  as  the  primary  lalcose 
slale,  which    is  associated   with   hornblende,   gneiss  and  mica 
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slate.  In  North  Carolina  and  Virginia  these  auriferous  rocks 
are  associated  with  breccia  and  conglomerates,  and  such  are 
their  relations  that  it  can  be  no  longer  doubted  that  the  forma- 
tion of  the  auriferous  veins  comes  within  the  epoch  of  the  oldest 
sediments  of  the  Taconic  system;  for  although  the  p'^rphyries 
and  metallic  copper  veins  occur  in  the  lower  Silurian,  still 
auriferous  veins  appear  to  belong  to  a  much  earlier  period. 
But  again  it  is  true,  that  many  of  the  auriferous  and  cupriferous 
veins  occur  in  the  talcose  and  hornblende  rocks  of  the  Blue 
ridge,  still  as  the  veins  run  in  a  direction  parallel  with  those  of 
the  Taconic  system,  they  should  therefore  be  regarded  of  the 
same  age  or  epoch,  and  the  auriferous  veins  of  Somerset,  Vt., 
should  also  be  referred  to  the  Taconic  period. 

Native  copper  occurs  rather  sparingly  in  certain  porphyroid 
rocks  in  Cliatham  county  and  may  be  also  cotemporaneous  with 
the  auriferous  quartz  vein. 

§53.  In  addition  to  the  foregoing  metalliferous  veins  of  this 
epoch,  it  seems  to  be  established  that  it  is  also  the  period  to  which 
the  veins  of  magnetic  and  specular  iron  belongs.  In  North  Caro- 
lina both  species  of  ore  are  found  in  veins  traversing  the  slates 
which  are  associated  or  connected  with  beds  of  conglomerates 
as  in  Chatham  county,  four  miles  northwest  of  the  gulf.  Mag- 
netic iron  also  occurs  in  Randolph  county,  N.  C,  in  the  same 
kind  of  rock  as  in  Chatham. 

In  the  first  part  of  this  work  I  have  shown  that  the  epoch  of 
the  production  of  veins  of  specular  iron  belonged  in  part  to  the 
lower  Silurian  period,  inasmuch  as  the  Potsdam  sandstone  is 
disturbed  where  the  beds  crop  out.  In  northern  New  York, 
however,  serpentine  is  the  accompanying  eruptive  rock.  The 
period  to  which  a  portion  of  the  trap  and  porphyry  belongs  in 
North  Carolina,  is  equally  well  determined  «is  that  respecting 
the  auriferous  quartz  veins. 

In  this  state,  for  example,  there  is  probably  one  of  the  most 
singular  belts  of  trap  in  this  country.  It  traverses  Guilford 
county,  and  the  western  part  of  Alamance,  and  pursues  a  north- 
easterly and  southwesterly  course  across  the  state.     This  belt 
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wftirk  osw  radi  vthrt  >■  nrioK  (firectiow.  tod  Id  Ibnr  fre- 
qvnl  awiaga  lliry  ferm  •»  ODnf>Ic<e  «  ert  wodc  thai  tW 
roHa  mTmcd  na  acurtij  be  dbtiofimbrt}.  Hut  this  »iDgq* 
Ikr  Met  w«rk  of  enip*ive  Tt<rb,  »baaU  t*  rtOrrvd  tn  an  rpocli 
It  late  as  iIk  Tftoonie  periad.  b  nidrai  fma  tbe  fad  Ibst  it 
^wftcinies  tfane  rorks  alnn^  t)S  vnleni  boiiter  i'd  Alatmnn. 
Gutlford  Mfd  I>iTpt>oD  oraitiio,  uul  it  Drcapin  in  tbi>  syslrB 
a  belt  of  it,  >Ji  tnDe*  wide,  M  Ifast,  astl  exirods  «lso  tnlo  tlu; 
atljacrat  piitsary  liUtritl.  so  that  tk^se  veios  ocropt  s  space 
brIwcvR  the  two  s^Mems.  Bat  it  may  br  qneMioDid  perhaps, 
wbrtbrr  these  evptivc  rorks  may  not  brlong  (o  ibc  TrtHBic 
period,  or  tn  ooa  orar  the  cIom  of  the  patffozoic  period.  Wbni 
we  compare  this  net  work  or  majs  of  dykes  and  veins  with  the 
mp  of  the  last  part  of  the  palieoutic  period,  or  a  pe;  iod  extend- 
ing from  the  )a»i  part  o(  this  period  to  tht  TriaKic.  we  can  not 
fail  to  dtacover  a  remarfaaUe  diffefcDce  In  the  materia)  compoaing 
tten.  In  the  latter  ib«  trapa  are  not  lecotDpanied  with  veiB 
of  <^uaftz,  L'ranilt  anil  feliUvai;  a'  has',  I  !iav.'  nnt  observed 
Iht-rri.  [n  the  kin.l  of  rnutttr  and  in  tla-  circu(ii>latKes,  tliere 
^■emlobe  tho,r.ii;rutiK-.s«l,icii  in.li.  a:..  :l.at  th,- Uvo  iXTiod:i 
of  i-ruplinr]  aro  (li-liiut:  an'l  i.fiici-  1  am  i:.ilinf.l  to  jf^ard  ihe 
iK-t  work  ol  eiuiJliii  ii"kv  \\liiih  i.i.u|n  ;i  belt  livtween  the 
Tacoi.ic  syMem  ;.riil  tlio  |a  .ocmralline  i.nks  as  bi-loriging  lo 
thc-Tacoiiicpciioi].  \V,  kutni  that  itcnji,,- «  itiiiii  ihe  period 
ni  SKliriifril^.  Hiil  lli.  rt.-  ^ii<'  tio  jvL-jiiv.-  ,lata  lo  llx  i(  witli  cer- 
tainly. 


^  M.  This  <\^U-^^l  is  not  les^  lliorouulily  iitriiliar  in  its  organ- 
isms, t!-in  ill  ils  pliysiial  rli:ii;ii  h  i  i-lii  ;>.  It  is  truf  ihat  the  nura- 
l,er  of  its  fossils  is  small  whiiiroinparLH!  with  Ihe  Siliirinn  period; 
hut  as  far  as  ihry  •:<>  thry  staMi|)  iiiion  it  a  tlistiiii  tiveniss  which 
is  ;is  marked  as  il.iil  of  llic  Silurian  and  carljoiiiferous.  But  this 
is  not  ail:   we  have  a  ritjlit  to    consider  the  absence  of  cerlaio 
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Silurian  fossils,  a  fact  which  looks  favorably  towards  the  view 
I  have  attempted  to  sustain.     I  admit  that  even  the  Silurian 
system  is  not  equally  rich  in  fossils  in  all  its  groups.     In  some 
instances  their  absence  is  accounted  for  on   principles   upon 
which  all  geologists  are  agreed,  and  which  are  considered  as 
good  and  sufficient  reasons  for  their   absence.     There  are  in- 
stances, too,  of  their  absence,  for  which  we  can  not  assign  a 
satisfactory  reason.     As  a  general  rule,  however,  the  fossilifer- 
ous  bands  occupy  nearly  the  same  horizons,  and  they  are  so 
rarely  absent  that  the    palaeontologist  always  expects  to  find 
them.     It  is  not  so,  however,  in  the  Taconic  system;  there  is  a 
general  barrenness  of  life  and  vitality,  which  is  not  accounted 
for,  unless  it  is  regarded  as  due  to  the  period  in  which  the  rocks 
were  deposited.     Their   rarity  is  not  local;  it  is  coextensive 
with  a  certain  series  of  rocks.     While  the  Silurian  carries  its 
characteristic  fossils  for  more  than  a  thousand  miles,  the  Taconic 
system  is  equally  comparatively  barren  for  the  same  distance. 
Again,  the  scarcity  of  fossils  can  not  be  explained  on  the  ground 
that  the  rocks  have  not  been  examined.     This  series  of  rocks 
have  been  under  the  eyes  of  geologists  since  1817;  they  have 
been  examined  minutely  in  Rensselaer  and  Washington  coun- 
ties, N.   Y.,  and  Berkshire,  Mass.,  and  with  more  or  less  care 
over  the  whole  area  of  western  Vermont.     A  few  fossils  only 
have  been    discovered   over   this  large    area      Of  the  fossils 
which  these  rocks  have  furnished,  marine  vegetables  are  the 
most  common,  but  they  are  limited  to  a  few  obscure  species;  the 
thickness  of  the  bed  in  which  they  they,  occur  is  at  least  2,000 
feet.     Graptolites  rank  next  in  numbers;  they  even  exceed  the 
marine  plants  in  the  number  of  species  which  have  been  found. 
In  addition  to  the  foregoing,  there  are  three  species  of  trilobites 
and  some  four  or  five  of  molnsca. 

The  plants^  it  will  be  observed,  occupy  a  wide  and  vertical 
space;  it  is  the  reverse  of  this  with  respect  to  the  animals.  The 
gi  aptolites  of  the  Hoosick  roofing  slate  are  confined  to  beds  whose 
thickness  scarcely  exceeds  two  feet.     The   trilobites  are  quite 


UmiUd  alio,  awl  ibe  Ihtk  StuuogfafiiaB  b  i 
thickaeaa  o(  half  an  lorh.* 

I  propoM  now  10  i)e»cribe  ibe  famk  of  tbb  ^■tem  ia  tbc 
Mkmvk^  etia:  L  Tfae  Harinr  Tecetables;  '2.  GnfMolite»  ami 
Ibc  tupfimtd  ibot-priaU  of  Hoiusca,  or,  as  Mme  rreard  then. 


a  alHcd  to  graptotiUa;  3.  Holusca;  aad  4.  Trilotiin. 

Tbe  Marine  vr^eCablea  may  be  separaini  tnio  ibree  diTisiaoa: 
J.  The  flat  leaJj  expaitfiois,  usiiig  the  lerm  lealj  in  its  or- 
dinary laeaniDg;  3.  The  elongated  and  ronoded  flattcoed  ebon] 
like  bodies  Ijing  ID  confoluled  roUi;3.  Stem  likebodioBSnallf 
abort  and  rounded. 

Frotn  the  inperfect  condition  of  all  ike  vegetahles  in  this  tJ9- 
ten,  it  u  inpoHible  to  dani^  and  arrange  tbem  in  a  satisfac- 
torj  maaoer.  tience,  tbe  most  vhicfa  can  be  done,  is  to  girc 
tbem  some  name  by  wbicb  tbej'  may  be  Imawa.  In  taj  report 
of  tb«  agriculture  of  New  YoHc,  1  applied  the  common  appel- 
lation fucoids,  then  in  use.  In  Mr-  Hall's  report,  two  of  those 
vegetables  were  named  generically,  Butbotrephis.  I  have  no 
objirctioD  lo  the  name:  I  shal!  therefore  adopt  it. 


I.   MA1;L\E    I'LA.NT:- 


Bi-TuoTHEPHis  RiGin.i,/;/.  2,  fig.  1. 
Fucoides  rigida. 

Frond  rather  narrow,  brnncbiniz  ami  only  sliffhlly  curved  or 
flexuous.  It  occurs  at  numerou:;  places  in  lit^nssclaer  and  Wasli- 
ington  counties  on  the  black  flags  and  slates.  It  is  jnuch  less 
COtDiuoD  than  the  ibllowing. 


ancient  graptoliii',  i 
where  the  gra|ptolitc- 
theselau-  Conns  nf  li 
thickuesH  of  rook  llii 
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B.  FLEXUOSA(fla//). 

Fucoides  Flexuosa  {Emmons), 

FroniJ  wide,  flexuous  and  branching,  consisting  of  a  very  thin 
expansion  of  vegetable  substance.  The  two  species  differ  much 
in  size;  the  first  has  much  more  substance,  and  appears  stiff  and 
rigid,  and  the  frond  is  scarcely  more  than  one  half  the  breadth 
of  the  flexuosa,  and  is  quite  uniform  in  this  respect.  The 
flexuosa  is  eight  or  nine  inches  high,  as  the  stem  appears  in  the 
best  preserved  specimens,  though  the  frond  is  often  broken  or 
interrupted  by  layers  of  slate.  There  is  not  much  doubt  that 
the  two  are  distinct  species, 

I  have  observed  two  other  kinds  also  in  the  rocks  of  Rens-* 
selaer — one  with  a  very  narrow  frond,  less  than  a  line  in  width, 
with  only  a  few  branches,  and  another  whose  width  is  the  same 
as  the  B.  rigida,  but  had  no  branches  on  the  part  exposed, 
which  was  about  six  inches. 


BUTHOTREPHIS  ASTEROIUES  {Fttch), 

Fig.  23. 

Frond  stellate,  having  five 
branches  radiating  from  a  cen- 
tre; Salem  or  black  thin  bed- 
ded slates. 

Dr.  Fitch  refers  this  singu- 
lar, though  imperfect,  organ- 
ism to  Mr.  Hall's  genus,  Bu- 
thotrephis;  perhaps  correctly. 
It  is,  however,  a  remarkable 
form  for  a  vegetable,  and  it  may 
turn  out  to  be  one  of  the  grap- 
tolites,  inasmuch  as  discoveries 
looking  that  way  have  already 
been  made.  The  edges  are 
without  cells  or  crenulations,  but  the  extremities  of  the  arms 
were  much  longer,  it  would  seem,  from   the  manner  in  which 
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te. 


t»i— It,  (kn  twy  mav  it  foU  «■  thei 
V  £*c  of  tboe.  wviur  plM».  «*  enptoCtcs. 
M  «  «wle  ahb  if  Me  two  or  ihrae  fcet  mamr 


^r«-e  ob- 


tn   Ibe 


«(  CwoB  vflbse  a^  Sdem.    It  m  nppased  to 
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Pal«ochobda  mabina,  pi.  2,  fig.  8. 

Oordia  marina  {Emmons). 
Helminthoidichniles  marina  {Filch). 

Frond  very  long,  sinuous,  slightly  flattcDed  by  pressure,  and 
one  line  in  diameter.  It  occurs  in  flags  at  McArthur's  quarry, 
in  Easton,  Washington  county.  A  small  part  of  the  fossil  ap- 
pears in  the  figure. 

Pal^ochorda  tenuis,  fig.  25.* 

Helminthoidichniia  tenuis  {FUck). 

Fig.  2B. 


The  frond  in  its  convotutions  is  similar  to  the  marina,  though 
rather  more  complicated;  its  diameter  is  about  half  a  line. 

Dr.  Fitch  has  given  the  above  name  to  this  animal  or  plant, 
footprint  or  whatever  it  may  be,  on  the  ground  that  it  is  a 
footprint  or  mark  of  some  marine  worm.  Dr.  Fitch's  specimens 
of  the  tenuis  were  found  by  him  at  Middle  GranTille,  Washington 
county,  N.  Y. 

*  Tnmiutiont  of  the  AgilanltDMl  Sodatr,  l849. 
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2.  GRAPTOLITES. 

« 

The  discoveries  which  have  recently  been  made  respecting  the 
relations  which  exist  between  the  serrated  arms  or  bodies  usu- 
ally known  as  Graptolites  and  a  flat  membranous  central  disk,  and 
also  the  discoveries  of  other  forms  belonging  to  this  family, 
will  no  doubt  render  it  necessary  to  reclassify  and  rearrange  the 
species  so  as  to  form  and  harmonize  this  curious  family  of  ani- 
mals. Without  attempting,  however,  any  thing  of  the  kind  at 
the  present  time,  I  shall  satisfy  myself  with  following  Dr.  H.  B. 
Geinitz's  arrangement  as  far  as  it  has  come  to  my  knowledge. 
In  regard  to  the  affinities  of  the  family,  it  seems  that  it  partakes 
more  of  the  asteroid  than  the  hydroid  type  of  Zoophites.  But 
it  may  turn  out  that  it  contains  species  whose  affinities  may  be  , 
in  one  case  hydroid  and  in  another  asteroid;  for  it  is  certain  that 
the  central  membranous  body  which  has  an  asteroid  type  in 
one  or  two  cases,  is  not  always  formed  upon  this  plan. 

Family — Graptolithina  {Bronn), 
Genus  1.  Diplograpsus  {McCoy). 

Serrations  on  both  sides  of  the  stem;  the  stem  provided  with 
an  axis. 

Diplograpsus  secalinus,  pL  l,Jis[.  11. 

Graptolithus  secalintis  {Hall). 

Fucoides  secalinus  {Eaton). 

F.  Simplex  {Emmons). 

Straight;  serrations  sharp  or  pointed,  cells  rather  distant 
oblique  to  the  axis;  the  serration  equal  in  length  to  one-sixth  or 
one-seventh  of  the  width  of  the  stem.  The  upper  or  young  part 
of  the  stem  is  three-eighths  of  an  inch  wide,  and  the  number  of 
serrations  is  twenty-four  to  an  inch.  It  narrows  towards  the 
base  where  the  serrations  are  rather  obtuse  and  more  distant 
than  those  above,  and  is  ten  inches  long  as  exposed  upon  the 
slate.     It  is  confined  to  the  Hoosick  roofing  slate. 
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Mr.  Hall  maintains  that  it  is  the  G.  pristis  expanded,  or 
widened  by  pressure.  The  intermediate  varieties  referred  to, 
especially  those  upon  the  slate  from  this  locality,  belong  to  the 
inferior  part  of  the  stipe.  The  width  of  the  species  is  variable, 
that  is,  from  one-half  to  three-eighths  of  an  inch,  along  the 
wider  parts  of  the  stem.  Besides,  the  number  of  serrations 
differ  from  those  of  the  pristis,  the  latter  having  thirty-six  in 
the  length  of  an  inch  and  the  former  twenty-four;  besides,  the 
cells  it  will  be  seen  from  the  figure  which  is  of  the  natural  size, 
differ  entirely  from  those  of  the  pristis.  The  differences,  there- 
fore, can  not  arise  from  any  amount  of  pressure  they  have  re- 
ceived; and,  besides,  this  principle  is  inapplicable  to  the  case. 

D.  RUGOSUS  (n.  s.),  p/.  lyjig,  26. 

Stem  straight,  thick,  central  column  deeply  and  transversely 
corrugated  and  occupying  all  the  space  between  the  cells;  the 
large  cells  appear  to  meet  near  the  middle  of  the  stem.  In  this 
species  twenty  cells  are  developed  in  an  inch,  and  when  they  are 
removed  by  disintegration  a  broad  depression  is  left,  which 
gives  a  rugose  appearance  to  the  stem.  It  occurs  at  Parrotts- 
ville,  Tennessee,  in  a  black  slate,  which  weathers  to  a  soft 
light  drab. 

D.  DissiMiLARis  (n.  s.),  pL  I,  Jig*  5. 

Straight;  cells  dissimilar  on  the  different  sides  of  the  stem;  on 
one  side  they  open  at  right  angles  to  the  axis,  on  the  other 
obliquely;  axis  nearer  to  the  margin  of  the  oblique  serrations. 
The  stem,  excluding  the  tips  of  the  serrations  is  3-16  of  an  inch 
wide.  The  number  of  serrations  or  cells  in  an  inch  is  twenty- 
six.  The  figure  is  taken  from  the  base  of  the  stem,  and  is  the 
only  part  which  has  been  found.  It  occurs  in  reddish  slate,  in 
Augusta  county,  Va. 

D.  ciLiATUs  (n,  s.),  p/.  lijig'  19, 

Straight,  thin  and  ciliated;  cilise,  bulbous  and  jointed  or  trans- 
versely marked  proceeding  from  the  point  of  each  serration; 

14 


weitBtkm  uatqu^,  the  intgrraiiag  «»Uer  ttmtioa  n 
brgtf  pnloDgrd  «nd  tub  into  ibe  bale  of  the  cili«,  axis  d 

The  apecimoi  is  imperfect,  but  probablj,  from  ibe  ':h^rart<r 
of  (be  cottunD,  it  was  tree.  The  entire  width  of  the  doIibdb 
enibnciag  the  ocltadeA  lareral  cilue,  is  oae-fonrth  of  an  inch. 
tbe  meubruw  is  talh«f  1«m  than  one-eighth  of  ao  inch  wide, 
Ibe  margin  appear  to  be  dis^milar.  In  another  apeciaiea  the 
I  end  u  ronndcd  am)  cocnpletc,  and  furnished  like  the  siiles  with 

^^B        cQic     Foand  in  Aagusta  county,  VirgiDia>  ^^H 

^^H  D.  MLK)Cts  {a.  a.),  ft.  I' Jig.  22.  ^^^| 

^^H  Straight,  Mrfatwoa  tamed  obliqnelj  outward,  expoaEo^'^^^l 

^V       n>oath  of  the  cetL  ^^M 

^^^  The  sabstaoce  of  the  graptolilc  is  olive  gr^^i^i  'hin  and  tDcn- 

braaous-    There  are  twenty-four  celb  in  an  inch.     The  sides 
I are  similar;  axis,  if  any,  concealed.    Found  in  Augusta  conn^, 

^K    viigtnia.  aH 

D.  FOMo-Tf'  (n.  s.),  p/-  1,  M-  13. 
Serrali»ns  proloniiciJ,  pointed  and  k-at  like;  expansions 
directed  biickwanis  or  towanls  llie  base  ot  the  stipe  at  this  part 
of  the  cohKcin;  (he  upper  end,  the  len^^hencd  p(-ints,  are 
directed  upwards.  The  length  of  the  Iree  parts  of  the  serra- 
tions is  greater  than  the  width  of  the  column.  This  grapto- 
lile  has  ibrty  fells  in  iin  iiicli,  tiie  substance  green,  or  similar 
in  color  to  llie  preceding.  Tlie  cells  appear  as  if  ihey  were 
arranged  in  a  rircular  or  spiral  manner  around  an  axis.  It  is 
found  in  soft,  redilisli  slates  in  .August;!  county,  in  \'irginia. 

iir.s.  MoNOGKArsts. 
Serrations  confined  lo  one  tr|i;e  of  the  stem;  axis  none. 

M.  KI.KGANS, />/.   I,  Jig.  27. 

Outer  edge  ol  the  serrations  straight  and  nearly  parallel  with 

the  opposite  edge;  depth  of  the  serration  equals  one-half  of  the 
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width  of  the  stipe.  Fig.  14  enlarged.  The  width  of  the  stipe 
is  about  one-sixteenth  of  an  inch  and  there  are  twenty-four  cells 
in  an  inch.  The  substance  of  the  graptulite  is  green  and  coria- 
ceous. This  beautiful  species  occurs  in  Augusta  county,  Va«, 
soft  whitish  slates. 

M.  RECTUS  (n.  s.),  pi.  1,  Jig,  28. 

Straight,  serrations  pointed,  upper  edge  of  a  serration  obli- 
que to  the  axis  of  the  stem.  Width  of  a  serration  equals  one* 
half  of  the  width  of  the  undivided  part  of  the  stem;  width  of  the 
stem  one-eighth  of  an  inch,  and  twenty^two  crenulations  in  an 
inch  whose  edges  are  perfectly  straight  and  not  curved  so  as  to 
leave  a  curved  space  between  the  notches. 

From  the  point  of  each  crenulation,  there  runs  an  oblique 
ridge  which  meets  a  longitudinal  one,  the  latter  runs  nearer  the 
straight  than  the  crenulated  margin.  This  species  occurs  in  Co- 
lumbia county,  in  the  Taconic  shales  and  is  closely  allied  to  G. 
latus  of  McCoy. 

Gen.  Cladograpsus  (n.  s.) 

Serrations  or  cells  arranged  on  the  outer  edges  of  a  branching 
stipe;  axis  none. 

C.  DISSIMTLARIS  (n.  s.)y  pL  lyfig*  15. 

Outer  edges  of  the  stem  dissimilar,  serrations  rounded,  mouths 
of  the  cells  appear  to  open  at  the  base  of  the  serrations  on  one 
side;  on  the  other,  at  the  apex. 

The  thin  upper  membrane  when  removed,  discloses  curved 
canals  leading  from  the  cells  to  the  middle  of  stem.  The  sub- 
stance of  the  graptolite  is  green  and  coriaceous. 

C.  INEQUALIS  (n.  s.) 

Stipe  very  narrow  and  arcuate;  serrations  obsolete,  being 
indicated  by  a  waving  edge;  the  cells  open  on  the  margin  of 
the  stipe   just  at  the  anterior  edge  of  the  faintly  developed 
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serration;  the  cell  is  an  elongated  oval,  lying  slightly  oblique 
to  the  margin.  The  branches  in  this  specimen  are  somewhat 
dissimilar,  one  being  rather  ^vider  than  the  other.  It  is  found  at 
Parrottsville,  in  Tennessee,  in  a  soft  decomposing  slate. 

Glossograpsus  (new  genus). 

Column  free;  thin  membranaceous,  ligulate,  extremeties 
rounded,  axis  distinct. 

G.  ciLiATUs  (n.  s.),  pi.  lifig'  25. 

Straight  linear  crenulations  faintly  developed  and  prolonged 
into  ciliae,  equal  in  length  to  the  width  of  the  ligulate  body, 
ciliae  surrounding  the  whole  body  or  membrane.  The  axis  is 
prolonged  beyond  the  membrane  forming  the  column  or 
stem.  Length  one  inch.  This  graptolite  seems  to  be  one  of 
the  perfect  forms  under  which  this  family  is  sometimes  devel- 
oped.  It  is  well  known  that  these  serrated  bodies,  the  Diplo- 
grapsus^  etc.,  are  but  the  mutilated  parts  of  the  animal,  which 
radiate  from  a  central  membranous  scolloped  disk  in  some 
instances. 

The  Glossograpsus  I  regard  as  a  perfect  animal  with  its  axis 
extended  beyond  the  body;  and  this  organ  may  serve  to  attach 
it  to  other  bodies,  or  it  may  have  floated  freely.  This  form  of 
axis  often  appears  among  other  fragments  of  graptolites  and 
hence  like  them  may  be  regarded  as  a  distinct  species.  The  Diplo- 
grapsus,  ciliatus  and  crinitus,  may  also  belong  to  this  sub  family 
Glossograpsus,  inasmuch  as  we  know  they  are  rounded  at  one 
extremity,  but  the  character  of  the  other  is  not  determined  and 
hence  I  have  placed  those  in  the  genus  Diplograpsus.  The 
genus  occurs  in  the  dark  colored  shales  of  Columbia  county,  N.  Y. 

Staurograpsus  (new  genus),  p/.  \  fig^  21. 

Disk  free,  cruciform,  arms  four,  dichotomous  cells  terminal, 
substance  membranaceous,  free  and  furnished  with  an  axis. 
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S/DICHOTOMOUS. 

Disk,  provided  with  four  arms  each,  of  which  is  divided  near 
the  extremity  and  forms  a  cell.  Surface  of  the  arms  uneven  and 
it  is  possible  cells  existed  on  the  sides  of  the  arms  as  well  as  at 
their  extremities.  This  small  and  remarkable  graptolite 
belongs  to  the  asteroid  type,  but  it  preserves  its  relation  to  the 
graptolites  by  the  presence  of  an  axis  which  is  visible  where 
the  branches  are  separated  from  the  arms.  The  arms  might 
have  been  reckoned  as  five  instead  of  four,  inasmuch  as  one 
divides  just  beyond  the  point  where  they  cross.  The  largest  of 
these  asteroid  graptolites  is  represented  in  the  small  figure  by 
the  side  of  the  enlarged  one.  It  was  found  in  the  black  Taconic 
shales  of  Rensselaer  county,  N.  Y. 

Nemagrapsus  (new  genus). 

Axis  elongated  and  thread  like,  simple  or  compound  branches 
round  at  the  base  and  flattened  at  the  extremities;  cells  appear 
to  be  arranged  on  the  flattened  part  of  the  axis  instead  of  the 
margin. 

N.  ELEOANS  (n.  s.),  pi.  1,  Jig,  6. 

Axis  arcuate  and  sending  off  numerous  branches  from  the 
convex  side,  branches  round  where  they  leave  the  arcuate  axis 
but  expand  upwards;  margin  even. 

This  species  is  extremely  attenuate  where  the  axis  becomes 
flattened,  and  hence,  through  the  particles  of  shale  are  fine,  they 
break  and  obscure  the  continuity  of  the  membrane.  It  is  evi- 
dent, however,  there  are  no  serrations  upon  either  margin,  and 
under  the  microscope  the  surface  is  slightly  dotted  so  as  to  give 
the  appearance  of  the  mouth  of  cells.  It  is  found  in  the  Ta- 
conic slates  of  Columbia  county,  N.  Y. 

N.  cAPiLARis  (n.  s.),  pL  1.  Jig.  7. 

Axis  long,  convoluted  and  furnished  with  a  few  short 
branches;  under  the  microscope  it  appears  annulate,  but  whether 
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the  rings  are  due  to  stroctnre  or  to  fTactures,  it  is  diffi- 
cull  to  delerioine.  Tbe  sabstaoce  resembles  tlte  axis  of  a 
graptolite.  It  is,  however,  a  verilable  frasil,  though  I  am 
nnabte  to  discover  tbe  cells  proper  to  graptoUtes  or  other 
appendages  for  nutrition  and  growtli.  Taconic  slates  of  Co* 
lumbia  coun^. 

NEBKOGBAFStrs  {GtUlflz). 

"  Biserial,  tbe  etem  having  no  central  axis  or  a  veij  soft 


N.  Jacbsoni,  pi.  2,  Jig.  2. 
CoDTolute,  crenulationa  large,  rounded  and  rather  oval,  tbe 
depression  on  each  edge  separating  them,  meeting  in  the  middle 
OD  the  line  of  axis.  The  body  is  half  an  inch  wide  and  less 
than  four  crenulations  in  an  inch.  This  large  Nereograpsus 
ooeuTB  in  the  green  talcose  slates  of  Waterviile,  Me. 


4 


N.  LooHisi. 

Convoluteil,  narrow  crenulations,  lanceolati;  terminating  in 
an  axis,  or  rounded  riil|:;e.  There  are  twenty-eight  crenula- 
tions in  an  inch.     AVuterville,  .Me. 

N.  Dewfvi,  pi.  2,  fig.  3. 
Convoluted  crenulations,  small,  rounded,  and  terminating  in 
the  middle  of  the  .stem,  which  on  the  side  exposed  produce  a 
groove.  Crenulalions  in  an  inch,  twenty;  width  of  the  body 
onc-uighthof  an  inch.  Tliis  is  one  of  tliefmcst  of  the  Nereites* 
in  tlie  series  bcl«ni{ing  to  the  VValervilk-  slates. 


rcspt'utiiig  the  clasa  to  whifh  thy  agents  1*. 
!■  siii(jiiliir  impressions  n-liicli  liavp  Ik^ii  regard.'d 
M'\  !it  njicitlirr  «.■=  Iwlmiginii  to  a  .Ixis  (if  amioliiis, 
li(-  iK.Tii.'  of  X.;r.;)ti'«,  M.vri:iiit,>s,  I'l.'.  liut  iis.  Dr. 
iiiutli^  .,r..vll^,  ii  U  |ir..l.iit.l.  Wwy  ^liuiiKl  W  |.1a.*,l 
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N.  GRACILIS,  p/.  2,  fig,  6. 

Convoluted,  crenulations  numerous,  narrow,  scarcely  pointed, 
extending  to  the  middle  of  the  body.  The  number  of  crenula- 
tions in  an  inch  is  twenty-two.     Waterville,  Me. 

N.  LANCEOLATA,p/.  2,  fi^.  4. 

Convolute,  centre  of  the  body  has  a  narrow  ridge  to  which 
the  lanceolate  crenulations  extend.  The  width  of  the  body  is 
five-eighths  of  an  inch,  and  there  are  ten  crenulations  in  an 
inch.     Waterville,  Me. 

N.  PUONUS. 

Convoluted,  crenulations  large,  long,  oval,  extending  to  the 
middle.  A  part  of  the  specimen  is  cylindrical  and  without 
crenulations. 

In  addition  to  the  foregoing,  there  are  two  species  of  Myri- 
antes,  at  the  Waterville  locality.  These  singular  bodies  are 
confined  to  a  thickness  of  slate  not  exceeding  four  or  five  feet. 

N.  ROBUSTUs  (n.  s.),  p/.  %fig>  7. 
Convoluted,  crenulations  nearly  round,  terminating  in  a 
strong,  narrow  ridge  in  the  middle.  There  are  about  eight 
crenulations  in  an  inch;  body  one-fourth  of  an  inch  wide.  This 
Nereograpsus  was  found  in  the  Taconic  slates  of  Columbia 
county,  N.  Y.,  thus  proving  a  similarity  or  parallelism  with 
slates  of  Waterville,  Me. 


3.  MOLUSCA. 

Most  of  the  molusca  of  this  system  belong  to  the  family  of 
Brachipods,  all  of  which  are  so  minute  that  it  is  difficult  to 
discover  their  most  important  characters.  Their  shells  are  so 
extremely  delicate  and  thin,  that  it  is  impossible  to  succeed  in 
exposing  those  parts  of  the  shell  upon  which  their  specific  cha- 
racters are  founded  if  they  are  concealed  in  the  rock.    It  is 
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highly  probable,  therefore,  that  the  references  I  have  made  may 
be  incorrect.  The  figures  of  the  forms  and  markings  embrace 
all  the  characters  which  can  be  relied  upon  for  their  determi- 
nation. 

Genus  Lingula. 
L,  striata f  pL  ^9  fig-  17  (n.  s.) 

Minute,  oval,  beak  acute,  concentric  lines  few,  radiating  lines 
distinct  and  numerous,  comparatively  wSde  at  the  extremity 
opposite  the  beak;  it  tapers  rapidly  to  an  acute  beak,  from  a 
point  about  two-thirds  the  distance  from  the  opposite  extremity; 
it  is  extremely  thin  and  attenuate;  occurs  in  the  white  fragile 
shales  of  Augusta  county,  Va. 

L.  elliptica  (n.  s.) 

Small,  elliptic,  extremities  rather  rounded,  lines  of  growth 
faintly  preserved,  margins  gently  and  regularly  curved  and 
alike;  extremities  subequal.  The  shell  is  extremely  thin  and 
delicate,  and  nearly  one-fourth  of  an  inch  long.  It  occurs  in 
the  white  fragile  shales  of  Augusta  county,  Va. 

Lingula,  pL  iyfig.  9. 

In  this  fossil  there  is  a  departure  from  the  common  characters 
of  this  genus.  The  obliquity,  however,  of  the  figure,  on  a 
careful  examination  of  the  specimen,  is  rather  exaggerated;  the 
apex  is  subcentral,  or  rather  the  shell  is  inequilateral. 

Gen.  Obbicula. 
O.  excentrica  (n.  s.),  pi  i^fig-  4. 

Small,  extremely  thin^  ovate,  apex  excentric  and  acute,  ra- 
ther elevated,  rising  from  a  nearly  flat  expanded  border,  the 
base  of  which  is  marked  by  a  sharp  ridge;  concentric  lines  or  lines 
of  growth  obsolete  in  front,  distinct  behind.  Found  in  the  white 
fragile  shales  of  Augusta  county,  Va.,  associated  with  lingulas, 
graptolites,  &c. 
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Gen.  Obolus,  p/.  It  fig-  10. 

I  refer  to  this  genus,  pi.  1,  fig.  10.  It  has  no  teeth  which  can 
be  discovered,  but  it  is  slightly  inequilatral,  and  the  groove  for 
muscular  attachment  does  not  appear  in  any  of  the  casts  of  this 
shell.  The  external  form  of  the  shell  and  its  striae  are  well 
preserved.  It  occurs  in  the  whitish  shales  of  Augusta  county, 
Virginia. 

Cypricardia,  pi,  1,  Jig.  I. 

This  fossil  is  referred  to  Cypricardia  from  its  form.  It  is 
impossible  to  discover  the  essential  characters  in  the  teeth,  if  it 
has  any.  It  had  a  very  thin  shell,  and  the  lines  of  growth  are 
rather  prominent.    A  single  muscular  impression  is  preserved. 


4.  TRILOBITES. 

The  trilobites  which  have  been  discovered  in  the  Taconic 
system,  belong  to  a  family  which  has  been  known  in  the  lower 
Silurian  rocks  for  many  years.  The  species,  however,  are  un- 
known in  the  Silurian  period.  They  were  first  discovered  in 
fragments,  and  hence  there  were  reasons  for  difference  of  opinion 
respecting  them.  The  Eliptocephalus  and  Atops  were  disco- 
vered in  Washington  county^  N.  Y.,  in  dark-colored  shales.  I 
published  figures  in  my  reports  of  the  foregoing  genera,  which 
I  regarded  as  new  at  the  time,  and  subsequent  discoveries  of 
specimens  both  species  have  confirmed  the  opinions  which  I 
then  expressed.  I  have  since  discovered  a  minute  trilobite  in 
the  shales,  in  Augusta  countyi  Va.,  which  I  regard  as  older  than 
those  of  Washington  county.  They  are  not,  however,  far  re- 
moved from  the  same  geological  horizon.  The  condition  of 
those  in  Washington  county  renders  their  characters  somewhat 
obscure.  They  are  not,  however,  distorted,  but  simply  flattened, 
but  not  so  much  as  to  obliterate  the  stronger  lines  upon  their 

surfaces. 
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1.    ELIPTOCEPHALrS  AS\rBOIrES."  pi.   \,fig'   18 

Olentis  asajAoi'les  {Hall), 


Trianiriilar,  IiucUIlt,  senii-cliplical,  tiTminalmr;  pcislpr 
elongated  sharp  shines.  Suture  iniHL'ateii  in  part  by  a 
tical  outline  of  ilip  glabella,  whith  in  voiinL;  inilivic 
lobed;  eyes  none,  or  entirely  unilistinijiiisliable  in  the 
mens.  Ttir  number  nf  ribs  is  unknown,  but  tiie  number 
can  bf  liistinijiiisbi'ii  is  fourteen,  wjiich  is  eviiJfnily  le 
belongs  to  tlie  sjiccics;  pysridium  unkiiown. 

The  ElipIoOfplialiis  has  brpn  referred  to  the  ^enus  Ol 
Mr.  Hall.  The  ground  upon  whlth  this  reference  is  ] 
unques1ional)Iy  insufficient,  as  the  latter  has  been  con? 


•  Tlio  1,1'ni 


.  Hlii 


oi'ejihnliis  w 


>l  tile  I 


ime  of  t 
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For  comparison  I  have  annexed  a  figure  of  the  Olenus  gibbostis 
Daltnan,  the  one  which  is  best  known  of  the  species.  The 
huckler  and  its  spines  are  much 
shorter,  and  from  which  the 
glabella  is  separated  by  a  fur- 
row. The  length  of  the  head 
of  theEIiptocephalus  is  propor- 
tionally much  greater  than  in 
^  the  Olenus,  to  say  nothing  of  the 
eyes;  and  the  suture  which,  ac- 
cording to  Mr.  Hall,  is  similar  to 
the  Olenus,  there  is  really  no 
mark  or  line  by  which  it  can  be 
determined,  and  probably  if  its 
direction  in  the  specimen  could 
have  been  seen,  it  would  have 
been  described,  instead  of  say- 
ing in  general  terms  that  *'  it 
is  as  in  the  Olenus,"  for  this  is  not  an  avail- 
able description.  The  number  of  ribs  is  also 
greater.  The  figures,  however,  are  placed  side 
by  side  and  may  be  compared  by  the  student 
I  have  also  added  a  small  figure  of  a  Paradox- 
ides,  in  which  the  comparative  length  of  the 
head  is  much  greater  than  in  the  Olenus. 

P.  Bobemioui. 


0. gjbbosu 


S.    AtOPS  TRILINEATUS,  pt.  l,Jig.   16. 

Calymme  Beckii  {Hall). 
Crust  granulated,  cephalic  shield  semicircular,  with  its  an- 
terior and  lateral  edges  turned  upwards;  posterior  angles 
rounded,  facial  suture,  beginoing  at  the  outer  angle  of  the  ce- 
phalic shield,  dnd  nins  nearly  parallel  with  the  anterior  margin 
to  the  middle  lobe,  when  it  turns  at  a  right  angle  and  runs  par- 
allel with  that  lobe;  eyes  undjatinguishablei  body  composed  of 


sereDleen  or  eighteen  rings,  narrowing  very  g 
caudal  ertremity;  pygiduiii  a  flat  expansion  of  tiie  crust  and  Is 
provided  wilh  a  single  ring;  axis  narrower  than  the  latervl 
lobes,  lings  serenteen,  each  of  which  is  separated  by  a  groove 
about  as  wide  as  the  rings.  Axis  armed  by  a  row  of  short 
spines;  lateral  lobes  provided  with  a  row  of  tubercles  or  pro- 
minences  along  the  median  line;  margins  of  the  rib  groove  run 
parallel  as  far  as  the  tubercle,  when  thej  diverge;  tut>ercle:< 
become  obsolete  towards  the  tail;  caudal  shield  very  small  and 
provided  with  one,  or  at  most  two  rings. 

This  fossil  has  been  confounded  by  Mr.  Hall  with  the  Triar- 
tbrus  Beckii,  Greene,  or  Calymene  Beckii.  He  has  been'misled 
by  the  row  of  short  spines  along  the  middle  lobe  or  axis,  which 
it  is  well  known  exist  in  that  species.  It  diners,  however,  from 
the  Triarthrus  in  every  other  character;  in  the  number  of  ab> 
dominal  and  caudal  rings,  the  proporlionsof  the  subdivisions  of 
the  bead,  the  granulations  of  the  integuments  and  the  row  of 
tubercles  along  the  lateral  lobes.  So  palpably  different  were 
the  heads  of  ihe  Aiops  and  Triarthrus,  Uiat  a  committee  of  the 
American  association  decided  they  were  different  from  the  heads 
alone:  and  since  this  dt^cision  was  made  the  specimen  figured 
has  been  found,  which  sets  the  tjuestion  at  rest. 

Both  of  the  foregoing  are  found  at  Reynolds,  about  seven 
miles  north  of  Union  Village,  Washington  county,  N.  Y.,  in  the 
shales  of  the  Taconic  system. 

3.  MicKOLiiscts  (new  genus), /)/.  I,  Jig.  S. 
Microdiscus  quadricoslatus. 
Minute,  oval,  midille  lobe  of  the  cephalic  shield  strongly  de- 
veloped; ribs  of  the  body  or  abdomen,  four;  of  tlie  tail,  four  or 
five-  The  form  of  the  cephalic  shreld  is  only  obscurely  indi- 
cated; the  size  of  this  trilobite  is  shown  in  the  small  figure.  It 
is  found  in  the  while  fragile  slinlcs  of  Augusta  county,  Va.,  as- 
sociated wilh  minute  moluscas  and  graptolites. 
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GENERAL  DISTRIBUTION  OF  THE  TACONIC  SYSTEM  IN  THE  UNITED 

STATES. 

§  55.  The  Taconic  system  forms  a  belt  od  each  side  of  the  Blue 
ridge.  On  the  west  side  the  belt  is  contiDuous  from  Canada 
East  to  Georgia.  On  the  east  side,  the  belt  is  wider  at  certain 
places  than  on  the  west  side,  but  its  continuity  is  broken  and  I 
am  inclined  to  believe  it  nerer  embraces  rocks  which  belong  to 
the  upper  division.  It  is  more  distinct  in  North  Carolina  and 
Virgihia  than  in  Maryland  or  in  any  of  the  states  farther  north. 
In  Rhode  Island  and  Maine  it  occurs  in  areas  of  small  extent. 
The  quartz  and  its  associated  talcose  slate  is  the  base  of  the 
system,  and  constitutes  the  largest  part  of  the  lower  series.  On  the 
east  side  of  the  Blue  ridge  the  Silurian  system  is  unknown,  and 
hence  we  have  no  data  by  which  we  can  directly  determine  the 
epoch  of  this  sedimentary  belt,  and  hence  we  are  obliged  to 
rely  upon  lithological  characters  for  its  determination,  and  as 
these  agree  in  the  main  with  those  upon  the  west  side,  which 
are  overlaid  by  the  rocks  of  the  Silurian  system,  we  refer  (hem 
accordingly  to  the  same  period.  The  only  sediments  which 
overlie  the  Taconic  system,  are  those  belonging  to  Professor 
Rodgers'  middle  secondary  period,  and  hence  from  the  time  the 
lower  Taconic  were  formed  up  to  the  middle  secondary  period, 
the  eastern  side  of  the  Blue  ridge  was  dry  land,  or  rather 
that  section  which  is  now  known  as  the  Blue  ridge.  At 
Haverstraw,  the  new  red  or  middle  secondary  is  formed  of  ma- 
terials derived  in  part  from  the  lower  limestone  of  the  Taconic 
system.  On  the  west  side  of  the  Blue  ridge,  the  lower  rocks, 
quartz,  talcose  slates  and  limestones  have  a  strike  of  N.  60®  £. 
if  reckoned  on  the  data  furnished  by  the  southern  extremities  of 
the  series.  Thus  from  the  southwest  corner  of  North  Carolina, 
in  Cherokee  county,  the  line  of  outcrop  of  the  quartz  rock  as 
far  north  as  Harpers  ferry,  on  the  Potomac,  the  strike  is  N.  60° 
E.     In  Massachusetts  and  Vermont  the  strike  of  the  same 
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rocks  is  nearly  north  and  south.  The  width  of  the  belt  is 
greatest  between  Troy,  N.  Y.,  and  Adams,  Mass.,  where 
on  an  air  line  it  is  about  thirty-five  miles  wide,  though  it  is 
about  as  wide  when  measured  on  a  line  from  Abingdon,  Va.,  to 
Taylorsville,  Tenn.  The  Taconic  rocks  are  divided  on  the 
Hudson  river  by  the  highlands.  The  western  or  upper  division 
crosses  the  river  near  Poughkeepsie.  They  appear  on  the  west 
bank  about  five  miles  above  Newburgh,  and  from  this  point 
traverse  the  county  of  Orange.  It  is  near  Poughkeepsie  that  the 
series  begins  to  be  deflected  to  the  west,  and  in  crossing  the 
northern  part  of  New  Jersey  into  Pennsylvania,  the  series  has 
passed  into  the  same  strike  that  it  has  between  the  south- 
west comer  of  North  Carolina  and  Harpers  ferry.  I  have  not 
traced  it  farther  south  than  north  bounds  of  Georgia.  I  have 
examined  and  proved  the  system  in  Canada  and  Maine,  and  am 
able  therefore  to  state  from  personal  observation  that  it  extends 
at  least  1200  miles  in  lines  parallel  with  the  Blue  ridge. 

In  Michigan,  in  the  Lake  Superior  region,  on  the  north  shore 
of  Lake  Huron,  the  Taconic  system  is  largely  developed.  It  has 
been  briefly  described  by  Mr.  Logan,  and  has  also  received  the 
name  Azoic  system  by  Messrs.  Forster  &  Whitney,  United 
States  geologists.  It  was,  however,  first  noticed  by  the  lamented 
Houghton.  I  alluded  briefly  in  my  geological  report  to  a  verbal 
communication  which  was  made  me,  expecting,  however,  a  fuller 
account  of  the  northwestern  series  at  a  future  time.  I  have  re- 
ceived a  series  of  rocks  from  the  northwestern  region,  which 
furnish  me  all  the  lithological  characteristics  of  the  series  as  it 
is  developed  in  Washington  and  Rensselaer  counties,  N.  Y. 

Having  never  seen  the  Taconic  system  in  the  northwest,  I 
shall  content  myself  with  what  I  have  said  in  regard  to  it.  Of 
its  existence  then,  in  the  region  specified,  I  have  never  enter- 
tained a  doubt  since  I  received  the  information  I  have  already 
stated. 

As  facts  have  accumulated  from  time  to  time,  I  have  become 
satisfied  that  the  Taconic  system  will  be  recognized  in  other 
parts  of  the  United  States.     It  would,  however  be  premature  to 
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attempt  to  identify  it  in  sections  which  have  been  imperfectly 
explored. 

Former  extent  of  the  lower  Silurian  eastward  of  the  Hudson. 
The  existence  of  insulated  outliers  of  the  lower  Silurian  system, 
some  fifteen  or  twenty  miles  east  of  the  continuous  masses  at  the 
Cohoes,  near  Waterford,  indicate  that  there  was  once  a  continu- 
ous sheet  of  them.  Those  isolated  masses  usually  occur  upon 
the  knobs  and  ridges,  or  upon  their  slopes.  In  the  valley  of  the 
Hoosick,  at  Hoosick  falls,  the  ridge  of  the  calciferous  sandstone 
is  some  four  or  five  miles  long,  and  is  well  characterized  by  its 
fossils.  The  ridge  west  of  Hoosick  has  escaped  denudation  in 
consequence  probably  of  its  being  upon  the  eastern  slope,  for 
the  northwest  sides  were  exposed  more  directly  to  the  action  of 
denuding  forces;  it  was  the  struck  side.  The  eflfect  of  denuda- 
tion furnishes  important  facts  respecting  the  relative  age  and 
position  of  the  two  systems.  Thus,  in  many  places  the  Taconic 
rocks  are  swept  perfectly  clean,  and  are  laid  bare,  while  a 
knob  or  ridge  in  the  line  of  strike  is  capped  with  the  remains 
of  lower  Silurian  rocks.  These  patches  or  remains  of  Silurian 
rocks  diflfer  greatly  in  thickness,  a  difference  which  arises 
partly  from  activity  of  the  denuding  force.  But  it  is  also  pro- 
bable that  the  sheet  of  the  overspreading  lower  Silurian  was 
never  as  thick  upon  the  eastern  outskirts  of  the  system,  as  in 
the  Mohawk  valley,  and  besides  the  limestones  which  are  well 
defined  there,  are  in  this  region  of  outliers  feebly  represented  and 
poorly  defined.  I  have  found  at  Greenbush  the  fossils  of  the 
calciferous  sandstone,  the  Chazy,  birdseye  and  Trenton  lime- 
stones. Yet  the  two  predominant  masses  are  the  calciferous 
rous  and  Trenton;  and  yet  there  are  small  masses  of  limestone 
which  are  scarcely  determinable  upon  the  spot  which  contains 
the  Maclurea  and  Fucoides  demissus  of  Conrad,  the  characteristic 
fossil  of  the  birdseye  limestone.  The  dip  of  the  outliers  of 
the  Silurian  limestones  is  exceedingly  variable.  At  Hoosick, 
the  dip  of  the  calciferous  sandstone  coincides  very  nearly 
with  the  slate  upon  which  it  rests.  It  is  an  instance  where,  if 
the  junction  of  the  two  systems  could  not  be  seen,  it  would  be 
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maintained  tbat  the  two  are  conformable,  and  hence  would  lead 
the  observer,  as  similar  instances  have  already  proved,  to  adopt 
the  conclusion  that  being  conformable  masses,  they  belong  to 
the  same  period. 

^56.  Is  it  necessary  to  assume  tfuit  the  gneiss,  mica  slate  and 
hornblende  or  the  laminated  pyrocrystalline  rocks  are  altered 
sediments  ? 

The  discussion  of  this  question  involves  that  of  another, 
whether  we  have  evidence  that  the  Taconic  system  contains  the 
sedimentary  base  I  have  claimed  for  it  Without  debating  this 
point  at  this  time,  I  remark,  that  inasmuch  as  we  are  unable  to 
recognize  in  the  oldest  palaeozoic  strata  gradations  into  the 
laminated  pyroctystalline  rocks,  and  as  it  has  been  shown  that 
there  is  a  series  of  sediments  far  below  any  trace  of  an  organ- 
ism, it  may  well  be  inquired  if  they  are  not  in  that  condition 
which  may  be  rationally  expected,  for  representing  the  oldest 
sediments  upon  the  globe.  The  laminated  do  not,  in  any  part 
of  the  globe,  pass  into  the  oldest  sediments.  Geologists  do  not 
find  pebbles,  obscurely  defined,  in  laminated  rocks,  or  other 
phenomena,  which  indicate  that  they  were  originally  sediments. 
The  possibility  of  changing  sediments  into  laminated  masses,  in 
which  all  traces  of  the  aqueous  origin  shall  disappear  and  become 
obliterated,  will  not  be  denied.  But  on  the  ground,  that  of  pos- 
sibility alone,  is  it  necessary  to  assume  that  the  laminated  rocks 
were  originally  sediments?  seeing,  too,  there  are  no  inter- 
mediate masses  which  prove  a  passage  from  the  sedimentary  to 
the  laminated  rocks,  can  it  not  be  proved  that  sediments 
have  a  beginning  in  a  clear  and  well  defined  base  which 
forms  also  a  distinct  boimdary  between  what  we  know  to 
be  sediments  and  those  rocks  whose  aqueous  origin  is  only  as- 
sumed, because  there  are  forces  in  existence  which  can  change 
sediments  into  the  likeness  of  the  laminated  masses.  It  seems 
to  me  unnecessary,  therefore,  to  regard  the  laminated  rocks  as 
altered  sediments. 
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Is  the  Taconic  system  established  on /acts  and  principles  which 
are  received  and  acknowledged  by  geologists  0/ authority? 

For  the  benefit  of  the  student,  I  shall  copy  the  views  of  Mr. 
Murchison  as  he  has  expressed  them  in  a  communication  to  the 
Geological  Society  of  London,  and  which  will  be  found  in  its 
proceedings,  vol.  3,  p.  38.     Mr.  Murchison  says: 

"  That  it  is  not  by  finding,  after  several  years  of  elaborate 
research,  a  few  undescribed  and  rare  British  palaeozoic  forms, 
that  the  age  of  rocks  can  be  determined.  The  true  tests  are  the 
order  of  superposition,  and  the  common  prevalent  fossil  types; 
for,  if  amid  forms  peculiar  to  one  or  two  localities,  the  prevail- 
ing typical  shells  of  a  previously  named  group  should  occur  in 
lower  or  thicker  strata,  or,  if  the  band  in  question  can  be  fol- 
lowed into  other  tracts,  where  the  usual  type's  abound,  the 
point  is  determined. '^ 

The  doctrine  contained  in  the  foregoing  quotation  is  evidently 
this,  that  where  there  is  no  superposition  of  rocks,  and  where 
the  fossils  throughout  a  series  of  beds  belong  to  the  prevalent 
fossil  types,  we  have  the  proof  that  the  system  is  one  system, 
though  it  may  contain  a  few  new  and  unknown  species  which 
are  discovered  by  diligent  search. 

But,  then,  the  doctrine  is  equally  clear  that  if  we  find  over- 
lying rocks  of  one  system  and  the  fossil  types  do  not  belong  to 
the  common  typical  forms,  but  differ  as  a  whole,  then  we  are 
warranted  in  regarding  two  series  thus  distinguished,  as  belong- 
ing to  dififerent  systems  or  different  epochs.  The  foregoing 
principles  form  the  basis  upon  which  my  convictions  have  rested. 
It  is,  first,  upon  superposition,  as  exhibited  at  Hoosick,  Green- 
bush,  Bald  mountain,  Galesville,  North  Granville,  Snake  moun- 
tain, Highgate,  at  Sharpshins,  and  at  many  other  places  where 
the  relations  are  the  same,  that  prove  what  I  have  contended  for 
the  Taconic  system  in  all  its  length  and  breadth.  But  super- 
added to  this,  I  have  shown  that  the  species  of  fossils  differ  also 
from  the  Silurian  types;  that  is,  the  species  are  different,  and 
they  are  not  intermingled  with  the  well  known  Silurian  types, 
for  of  the  latter  none  are  yet  known,  and  this  last  is  a  signifi- 

16 
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cant  one.  If  thft  beds  which  contain  fossils  contain  none  which 
are  Silurian,  what  are  we  to  infer,  especially  if  this  is  a  general 
fact;  certainly,  that  if  fossils  are  to  have  weight  in  determina- 
tions of  this  kind,  it  goes  strongly  against  the  doctrine  that  the 
series  is  Silurian.  If  it  is  an  established  doctrine,  that  rocks 
which  are  separated  in  vertical  space  and  also  in  time,  will  be 
characterized  by  different  fossils,  then  that  doctrine  should 
govern  our  opinions.  If  we  can  account  for  the  absence  of 
fossils  in  a  fossiliferous  series,  on  established  principles,  their 
absence  becomes  of  no  account  in  questions  of  age;  but  when 
the  fact  is  general,  and  it  prevails  for  a  thousand  miles,  it 
becomes  significant.  A  fossil  period  will  furnish  fossils  some- 
where on  lines  so  extended,  and  if  on  lines  thus  extended,  they 
are  not  found,  then  we  are  justified  in  the  belief  that  the  period 
was  not  one  of  life  and  vitality.  The  lower  part  of  the  Taconic 
rocks  belong  to  this  period;  they  are,  every  where,  so  far  as 

discoveries  have  yet  been  made,  devoid  of  fossils. 

• 

The  Taconic  system  rests,  then,  on  the  following  points: 

1.  Its  series,  divided  into  groups,  are  physically  unlike  the 
lower  Silurian  series. 

2.  It  supports  unconformably  at  numerous  places  the  lower 
Silurian  rocks. 

3.  It  is  a  vital  system,  having  been  deposited  during  the 
period  when  organisms  existed. 

4.  As  a  natural  history  system,  it  is  unlike  the  lower  Silurian, 
first,  in  containing  fossils  yet  unknown  in  the  lower  Silurian, 
and,  second,  in  the  absence  of  the  typical  forms  which  are  pre- 
valent in  the  lower  Silurian. 

5.  In  the  Taconic  system  we  have  the  palaeozoic  and  sedi- 
mentary bases;  the  former  comes  in  far  above  the  latter,  or  at  a 
period  long  subsequent  to  the  time  when  deposits  began  to  be 
formed. 

6.  The  Taconic  system  carries  us  back  many  stages  farther  in 
time  when  life  gave  vitality  to  its  waters  than  the  Silurian.  It 
represents  a  period  vastly  longer  though  it  may  occupy  a  less 
superficial  area. 


THE  SILURIAN  SYSTEM. 


IT  IS  WIDELY  EXTENDED  IN  NORTH  AMERICA.  ITS  PHYSICAL  FEA- 
TURES ONLY  SLIGHTLY  DISTITRI^ED  BY  IGNEOUS  FORCES.  THE 
CHAIN  OF  ORGANIC  BEINGS  IS  THEREFORE  THE  MORE  PERFECT. 

§  1.  The  Silurian,  which  fills  so  large  a  volume  in  geologic 
history  in  Europe,  seems  to  be  still  more  full  and  complete  in 
America.  It  extends  fronj  Canada  on  the  north  to  Ala- 
bama in  the  south.  The  northern  highlands  lying  between 
the  St.  Lawrence  and  Lake  Champlain  bulge  up  in  an 
irregular  dome,  from  which  it  is  thrown  off  in  every  direction, 
but  in  a  more  important  sense,  in  two  directions;  the  first, 
towards  the  northeast;  and  the  second,  towards  the  southwest 

The  dip  of  the  rocks  on  the  northeast  side,  indicates  the 
existence  of  a  great  basin  widely  spread  out  in  this  direction 
which  might  be  called  the  Laurentine  basin  of  this  system. 
Following  the  dip  to  the  southwest,  the  indications  are 
equally  clear,  that  in  this  direction  also  there  is  another  basin 
extending  over  an  immense  area,  having  its  southeastern  base 
in  the  Appalachian  mountains,  and  hence  may  be  called  the 
Appallachian  basin  of  the  Silurian  system. 

The  rough  measurement  over  this  anticlinal  which  separates 
these  great  basins  of  Silurian  rocks  which  extend  on  the  one 
side  far  to  the  northeast,  and  on  the  other  to  the  southwest, 
gives  at  least  twenty  degrees  of  latitude.  Following  the  base 
of  this  system  from  the  northern  extremity  of  Lake  Champlain 
to  the  St.  Lawrence  and  then  tracing  its  course  upon  the  irre- 
gular borders  of  the  great  lakes  to  the  waters  of  the  Mississippi, 
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abtne  the  Falli  of  St  Anxhoay,  it  has  a  faa 
miletloDg. 

Tlui  nst  ezlrot  of  base,  taken  in  cooiiKtian  -with  the  d 
Opmmta  ofllie  %jvttm  DOtthpact  or  mallivesl,  or  oa  both  '^^ 
oT  th«  ajKidioal  ihovi  th«  magnificent  acale  opoo  trlucfc  thu 
•fttem  was  laid  down  in  North  America. 

§3.  When  we  take  into  account  the  great  extent  of  tbcsn- 
tcu  as  staled  in  the  foregoing  paragraphs,  it  will  no  doolit  be 
rei;arded  as  a  remarkable  fact,  that  over  these  wide  anas  H  it 
coto[)araiiTelf  anbinken  bj-  ig:neous  injeciioos  and  the  reffttltf 
HiccMsion  rarely  broken  np  or  displaced  by  oatbgrsts  of  pTT»- 
cr^talline  rocks;  (he  sediments  therefore,  when  examioed  oa  « 
large  srale,  seem  to  have  been  ijuietl}'  deposited,  or  their  orderlr 
acciUDulalioo  watcel}'  intermpled.  This  freedom  from  brcakaud 
ioterpolaled  igneous  masses,  has  an  important  bearing  opoa  the 
existing  reguJarity  in  the  arrangement  or  succession  of  the 
organic  stages  which  belong  to  this  system;  and  bvm  llniw  h 
&Torable  coulitions  for  the  prolongation  or  preservatioa  of  IM^-  iH 
we  may  attribute  the  more  |)fTrect  representation  of  these  sta£;« 
durinij  the  palifozoic  period.  The  two  facts  seem  lo  harmonize 
so  well,  that  liiey  may  be  conntcted  together  or  rt'laled  to  each 
other  as  cause  anil  effect.  Ffora  the  foregoing,  it  will  probably 
lollow  also,  that  the  time  when  important  species  were  created 
may  be  more  exactly  determined,  as  well  as  their  derivation  and 
time  of  their  disappearance  or  extinction.  If  so,  the  palaeozoic 
period  will  be  innre  interesting,  as  it  will  furnish  a  fuller  and 
more  complete  history  of  lite  and  organizatious,  especially  when 
taken  in  connection  with  the  vast  area  over  which  they  are 
spread,  I'urnishing  thereby  a  more  varied  and  niore  favorable 
condition  lor  its  manifold  developments.  Its  natural  history 
will  be  far  iDore  complete  and  full,  and  its  connections  preserved 
better  than  it  possibly  could  have  been,  had  this  period  been 
remarkable  for  extensive  dislocations  and  disturbances. 
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SUBDIVISIONS  OP  THE  SILURIAN  SYSTEM. 

§  3.  The  present  twofold  division  of  the  Silurian  system 
gives  the  student  all  the  advantages  and  facilities  for  investiga- 
tion which  are  necessary  and  essential  to  his  purpose,  or  which 
could  be  secured  by  a  farther  subdivision.  The  established 
divisions  are  upper*  and  lower.  The  latter  embraces  the  old 
geographical  division  of  New  York,  the  Champlain  group. 
With  this  modification,  the  Oneida  conglomerate  should  be 
removed  to  the  base  of  the  upper  division,  or  upper  Silurian. 

The  lower  Silurian,  to  which  I  have  had  so  many  occasions 
to  refer,  includes  the  following  rocks:  Potsdam  sandstone,  cal- 
ciferous  sandstone,  Chazy  limestone.  Black  river  limestone, 
Trenton  limestone,  Utica  slate,  Lorraine  shales  and  sandstones. 
The  last  in  this  subdivision,  has  been  frequently  called  Hudson 
river  group.  The  only  reason  assigned  for  the  name  was,  that 
this  subdivision  presented  certain  peculiarities  arising  from  a 
disturbance  it  had  suffered  along  the  Hudson  river.  The  Hud- 
son river  region,  however,  presents  no  facilities  for  the  exam- 
ination of  the  upper  part  of  the  lower  Silurian;  it  is  only  in 
Lorraine  or  Pulaski,  and  the  neighborhood  of  Rome,  in  New 
York,  that  this  part  of  the  series  can  be  examined  satisfactorily. 

*  The  writer,  while  engaged  in  the  New  York  survey,  proposed  the  fol- 
lowing geographical  divisions,  or  groups,  viz :  Champlain,  Ontario,  Helder- 
herg,  Ene  and  Cattskill,  or  old  red  sandstone  group.  These  groups  were 
not  considered  at  the  time  as  good  Natural  History  divisions,  but  as  a  large 
number  of  rocks  were  to  be  described,  it  became  necessary  to  propose  subdi- 
visions so  as  to  introduce  some  method  into  rex>ort8.  The  Champlain  and 
Erie  groux>s  could  be  recommended,  on  the  ground  that  they  were  natural,  at 
least  in  part ;  the  Ontario  group  is  also  a  natural  group. 

It  has  frequently  been  intimated  that  the  subdivision  of  the  New  York  rocks 
was  too  minute,  and  also  founded  on  unessential  characters,  as  well  as  those 
of  an  unequal  value.  The  reason  for  this  minute  division  was,  that  all  the 
rocks  named  contained  respectively  many  fossils  which  seemed  to  be  con- 
fined to  these,  and  hence  it  facilitated  very  materially  a  reference  in  each 
case ;  it  saved  an  indirect  reference  and  circumlocution. 
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LOWKtt  J^ILL'RI AN  « YSTKM . 

Its  members  and  Hs  duiribution;  compositoiu  in  different  parts 
of  ike  Union;  rocks  fjohick  seem  to  he  unimportant  from 
the  limited  space  they  occupy^  contain  important  memorials 
of  the  past;  points  of  view  under  icfiich  rocks  should  be 
examined, 

§4.  The  lower  Silurian  palaeozoics  seem  to  be  fully  repre- 
sented in  New  York  and  along  the  eastern  rim  of  the  great  Appa- 
lachian basin  as  far  southward  as  Alabama.  In  New  York  and 
Canada  the  following  rocks  may  be  regarded  as  their  represent- 
atives, viz.  Potsdam  sandstone,  calciferous  sandrock,  Chazy 
limstone,  birdseye  limestone,  Black  river  limestone,Trenton  lime- 
stone, Utica  slate,  L#orraine  shales,  terminating  in  a  thick  bedded 
gray  or  greenish  gray  sandstone.  The  foregoing  rocks  are  not  of 
equal  value  or  equally  important,  considered  simply  as  members 
of  a  physical  group.  This  arises  from  two  or  more  causes:  the  first 
of  which  is  the  limited  space  they  occupy  when  present;  the 
second,  from  their  frequent  absence,  and  lastly,  when  regarded  as 
the  repository  of  fossils,  they  contain  less  which  is  important  than 
their  associates.  Thus,  the  Black  river  limestone  rarely  ex- 
ceeds fifleen  feet  in  thickness,  but  as  it  furnishes  at  one  or  two 
places,  and  perhaps  more,  a  fine  black  marble,  it  becomes  ne- 
cessary to  give  it  a  name  and  place  in  the  series.  So  the  birds- 
eye  rarely  exceeds  thirty  feet,  yet  its  fossils  and  the  excellent 
lime  which  it  makes,  render  it  necessary  to  speak  of  it  as  a  dis- 
tinct rock.  The  Utica  slate  is  scarcely  recognizable  in  the  wes- 
tern states,  yet  in  New  York  it  exists  in  a  distinct  mass,  at  least 
seventy-five  feet  thick. 

To  the  fore^oirif^  list  of  rocks  it  may  be  proper  to  state  in 
this  place,  that  in  Wythe  county,  Va.,  and  other  parts  of  the 
southwest,  slates  and  sandstone  are  important  masses,  as  they 
are  intercalated  between  the  Trenton  limestone  and  the  Lorraine 
shales.     This  rock  is    a  soft,  reddish  sandstone,  mottled  with 


LOWER  siluriah  system.  ]27 

green  spots,  but  contains  narrow  calcareous  bands  from  ten  to 
eighteen  inches  thick,  which  are  heavily  loadecl  with  fossils^ 
which,  as  a  whole,  resemble  the  Lorraine  shales.  It  is  from  150 
to  200  feet  thick,  and  near  its  junction  with  the  Trenton  lime- 
stone has  beds  of  conglomerate.  I  deem  it  useful  to  notice 
even  those  rocks  which  appear  unimportant,  as  masses,  when 
placed  by  the  side  of  those  which  are  several  hundred  feet  thiclc 
Those  items  of  information  which  may  be  gathered  from  all 
points,  and  upon  which  the  geologist  makes  up  a  full  statement 
of  geologic  history,  become  important  in  filling  up  gaps  and 
intervals  both  in  time  and  space. 

In  consequence  of  the  interest  which  invests  the  study  of  the 
pala^ozoa  and  the  rocks  which  coatain  them,  their  meteorolo* 
gical  characters  should  not  be  neglected,  as  they  usually  are, 
excepting  in  those  points  which  are  general,  or  which  are  recog- 
nized at  a  glance,  the  minor  characteristics  being  regarded  as 
useless  in  geological  reasoning.  It  is,  however,  certainly  better 
to  examine,  with  a  good  degree  of  minuteness,  the  physical  con- 
stitution of  all  the  rocks  of  a  group.  It  puts  us  in  possession  of 
data  which  may  be  employed  in  interpreting  an  important  class 
of  phenomena  which  have  their  influence  upon  the  organisms 
which  they  contain,  and  moreover  they  throw  light  upon  those 
meteorological  conditions  which  prevailed  during  the  time  of 
their  deposition. 

Rocks  may  be  examined  and  studied,  first:  as  to  their  composi- 
tion and  the  variation  which  at  distant  points  change  with  the 
circumstances  under  which  they  were  deposited;  and  secondly^ 
the  physical  and  chemical  changes  which  they  have  undergone 
since  they  were  consolidated;  and  thirdly,  as  the  repositories  of 
the  metals  which  belong  to  the  period  of  their  formation  as 
fossiliferous  masses,  which  contain  the  mostvaluable  memorials 
of  change  and  progress  which  the  crust  of  the  earth  has  been 
undergoing  in  past  ages. 
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INDIVroUAL  ASD  8FHCIAL  CHAHACTBRiaTICS  OF  THE    UTWD 

SILUHIAS  HOCKS. 

^5.  Potsdam  sandstone. — ForinatioiiNo.  i,of  Prof.  Rodgers. 

Considered  as  the  base  of  this  system,  it  is  suggestive  of  luaoj 
inquiries  witb  respect  to  the  period  which  it  represents  at  its 
beginning.  Its  compoitition  is  uniformly  silicious,  but  id  tex- 
ture and  color  it  is  variable.  At  Potsdam  it  is  a  lirm  and  eTen 
bedded,  even  grained,  yellowish  brown  sandstone.  In  other 
places  in  New  Yort,  as  at  Mooers  and  Moira  on  the  Provin* 
cial  line,  it  Is  equally  even  grained  and  even  bedded,  but  i^ 
white  and  friable,  especially  at  Mooers,  At  Chazy  it  is  a  deep 
red  rock,  and  coniains  many  particles  of  undecornposed  magnetic 
iron,  and  at  Whitehall,  Keeseville,  Corinth  and  Hammoad  it  Is 
white  or  brownish  white,  but  is  more  or  less  vitreoiis.  At 
Burlington  and  Charlotte,  Vt.,  it  is  a  jointed  chocolate  colored 
flaK!,'ing  stont;  in  ollirr  places  in  the  valley  of  Champlain  and 
Hudson  river,  it  is  a  brown  and  rough  bedded  mass  and  quite 
thin.  In  Canada  east,  at  the  Falls  of  Slontniorenci,  it  is  a 
coarse  sandstone  loose  in  ti'Xture,  and  staini:d  with  carbonate  of 
coi>j)er.  It  here  reposes  on  gneiss  anil  is  not  more  than  ten 
feet  thick. 

In  Iowa  and  Wisconsin  it  is  a  light  colored,  soft  sandstone, 
intercalated  with  argillareous,  and  argiUo-calcareous  deposits. 
It  is  therefore  variable  in  its  coherence. 

In  Virginia,  and  tlie  southwest  part  of  the  union  it  is  also  a 
light  colored  sandslone  with  an  open  texture,  rarely  vitreous, 
but  its  upper  beds  alternate  with  calcareous  layers  of  consi- 
derable thickness,  as  at  tlje  head  waters  of  the  Iloistein  and 
Clinch  rivers. 

At  many  places  its  inferior  beds  are  pebbly  and  very  coarse, 
but  they  are  by  no  means  always  present,  and  the  gneiss  on 
which  it  reposes  seems  to  be  changed  gradually  and  impercep- 
tibly into  a  line  sandstone  with  thin  beds  of  mica  between  the 
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Strata,  as  at  Corinth  and  Whitehall.  The  Potsdam  sandstone, 
although  in  northern  New  York  it  is  400  feet  thick,  is  sometimes 
absent,  as  at  Little  falls,  where  the  calciferous  sandstone  reposes 
upon  the  primary  rocks.  It  often  thins  out  rapidly  as  at  White- 
hall and  Comstock's  landing,  where  in  two  or  three  miles,  and 
even  less,  a  mass  two  or  three  hundred  feet  thick  gives  place  to 
the  next  rock  above. 

In  the  interior  of  the  region  lying  between  Lake  Michigan 
and  the  Mississippi  river,  the  Potsdam  sandstone  crops  out  from 
beneath  the  calciferous  sandstone.  It  would  be  traversed  ob- 
liquely in  crossing  from  Green  bay  to  Prairie  du  Chien.  On 
both  sides  of  the  Mississippi  and  the  lake,  it  is  overlaid  by  the 
succeeding  rocks,  though  upon  the  Mississippi  and  St.  Croix, 
the  latter  is  cut  through  by  numerous  streams  down  to  the 
sandstone;  the  Potsdam  sandstone  of  Wisconsin  and  St  Croix 
is  about  500  feet  thick;  the  upper  mass  is  a  white  friable  sand- 
stone. It  covers  a  large  area,  but  its  extent  has  not  been 
determined,  in  consequence  of  a  deep  covering  of  drift  towards 
the  southern  shore  of  Lake  Superior.  This  great  mass  of  sand- 
stone is  fossi lifer ous.  It  is  so  even  near  its  base;  Dr.  Owen  hav- 
ing discovered  five  or  six  beds  or  strata  containing  trilobites,  lin- 
gulas,  obolus,  and  crinoids,  and  bivalves  belonging  to  the  family 
of  the  Orthidce.  This  mass  of  sandstone  is  probably  nearly  con- 
tinuous with  that  upon  the  north  shores  of  Lake  Huron,  where 
it  rests  unconformably  upon  the  Taconic  system;  and  where, 
too,  the  latter  system  is  the  repository  of  copper,  and  is  tra- 
versed by  traps  and  porphyries,  as  in  North  Carolina. 

I  have  already  alluded  to  the  position  of  the  Potsdam  sand* 
stone,  in  the  southwestern  part  of  Virginia,  and  at  certain 
intermediate  points;  and  from  what  has  been  said  it  will  be 
inferred  that  it  does  not  immediately  flank  the  Blue  ridge  on  the 
west,  but  occupies  a  position,  even  in  the  latter  state,  many  miles 
from  the  base  of  this  range;  thus  in  the  great  valley  west  of  the 
Blue  ridge,  it  is  some  twelve  or  fifteen  miles  from  its. base.  In 
Augusta  county,  about  one,  or  one  and  a  half  miles  west  of 
Staunton,  the  Potsdam  sandstone  crops  out  from  beneath  the 
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overtyirigcalcireruussaodstone,aiKl  in  going  west  to  tbeUuJfali 
gap,  the  series  is  lower  Silurian,  and  is  repeated  twice  or  tbrte 
timeti,  the  Polsdam  being  brought  to  the  surface  in  each  rtpt-ti- 
tion.  The  Trenton  Jimestone,  fully  iikniificd  bj  its  l'oe»ib, 
crops  ou:  tor  the  last  time  nine  miles  west  of  Stauuton  aad  ooe 
mile  east  of  thu  Buffalo  gap.  This  rock  is  reddish  while  and 
reddish  brown,  and  usuallyalteruates  ouce  or  twice  with  the  tal- 
ciferous,  or  rather,  beds  of  a  silicious  limestone  occur,  iiit^rstrati- 
fii'id  wilh  beds  of  sandstone.  One  of  ilic  places  where  the 
Potstiam  will  be  found  west  of  Staunton,  is  at  tbv  western  slope 
of  a  ridge,  just  heyond  West  View,  about  six  miles  west  of 
Staunton. 

This  rocic  throughout  this  region,  both  to  the  nortWttst  aod 
southwest  is  not  a  vitrified  quartz,  but  a  sandstone  more  or  le» 
granular  and  sometimes  pebbly.  So  also  in  VVythK  county,  Va., 
the  Potsdam  sandstone  crops  out  near  the  base  of  Little  Broshy 
inDuntiiin,somc  six  or  eight  miles  west  of  Iron  mountain  whose 
•  rocks  belong  to  the  Taconic  system.  Here,  then,  it  is  slill 
farther  removed  to  the  west  of  the  Blue  ridgf.     But  it  should 


be  dislinclly  staled  tlint  tl 

lis  roek  appears    at   the   Inse  of  the 

WidkeramlClarden  moiir 

iliiiris  in  its  true  ireoloL'ieal  relations. 

I  am,  howfvir,  ui,iLC(|uai 

nted  with  it  farther  WLSt  and  soulh- 

west  than  Jdlus^Muilir,  ■ 

l;izewell  county,  on  llie  head  waters 

of  tl,..  Clinch  river. 

From  the  loici;oiii;;  yt 

alemeiit  of  fiicts,  it  wil!  be  jierctiveJ 

that  wc  are  nui  lo  kiol;  lo 

r  the  base  of  ilie  Silurian  system  ujjon 

the  ilardis  of  the    lllue  r 

idi^e,    or   iit   its    base;   h   no  wlieie,  I 

helievc,  loucliesllii.siiumL 

.;  andeven  tljr  South  momiiain,  where 

it    comes    up   ijitiJ    l'eiii<> 

>lvania,  has  uu  eiiiiiu-.iLion    vvilli   riiL^ 

Silurian  b;ise.     !li;.veuh< 

.■ady  shown  lhat,;it  ll^uper's  Jeriy,  ilie 

quartz  rock  is  not  Siluii^i 

n,  but  belongs  to  ihe  Taianio  sjstui,. 

I  have  alluiled  to  the  Trentoi,  limestone,  one  mile  east  of  the 
BuH'alo  i^ii])  of  the  North  mouutain.  The  l^ols.iam  is  nol 
brought  u])  til  view  between  tijc  Trenton  and  this  broken  rani;e 
near  the  road,  but  it  may  [irobably  be  found  not  far  tiom  this 
place  northeast  or  southwest.     The  lower  Silurian,  consisiinij 
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of  the  Trenton  and  the  inferior  members  seem  to  overlie  the 
Clinton  group,  a  group  which  constitute  the  North  mountain  at 
the  s(ap,  and  I  mention  this  for  the  purpose  of  sayincr  that  the 
lower  Silurian  holds  here  the  same  relation  to  the  superior  rodks, 
that  the  Taconic  rocks  do  at  the  Queen's  Knob,  in  Wythe 
county;  and  also  J^long  the  range  of  Little  Brushy  mountain. 

The  position  of  the  Potsdam  sandstone  in  its  southwestern 
prolongation  may  be  very  accurately  fixed  by  conceiving  il 
to  lie  near  the  eastern  flank  of  Little  Brushy,  in  Wythe 
county,  and  North  mountain,  in  Augusta  county,  Va.  It  will 
occupy  the  western  side  of  the  great  limestone  valley  of 
Virginia,  following  the  westward  deflection  of  the  Appallachians 
as  they  approach  the  state  of  Tennessee.  But  the  range  of  the 
Potsdam  is  its  most  easterly  one.  It  appears  still  farther  west, 
as  1  have  stated,  at  Jetfersonville,  in  Tazewell  county,  and 
hence,  it  will  probably  be  found  in  all  the  great  valleys  at  the 
base  of  the  mountains  which  traverse  Virginia.  It  holds  also 
the  same  relations  in  Tennessee,  and  will  be  found  by  tracing 
from  Virginia  its  lines  of  outcrop  in  the  direction  of  the  strike 
of  the  lower  Silurian.  It  is  everywhere  a  sandstone,  that  is, 
it  is  not  vitrified,  but  more  or  less  porous  and  is  also  more  or  less 
interstratilied  with  calcareous  beds  in  its  upper  part. 

§6.  Palcpozoa  of  the  Potsdam,  sandstone. —  The  Potsdam 
sandstone  had  been  examined  with  considerable  interest,  at 
several  places  which  appeared  favorable  for  the  preservation 
of  fossils,  without  success.  The  writer,  however,  succeeded  in 
finding  lingulas  in  the  first  instance,  at  Birmingham,  in  Essex 
county.  They  occur  in  the  rock  which  forms  a  mural  preci- 
pice on  the  Ausable,  at  a  place  known  as  the  High  Bridge.  The 
rock  is  scarcely  disturbed,  the  sandstone  itself  is  somewhat 
vitreous  and  thin  bedded,  and  between  the  beds  a  thin  slaty 
matter  intervenes,  upon  which  the  lingulas  are  found.  The 
dark  slaty  matter  is  just  sufficient  to  give  a  dark  stripe  to  the 
layer.  These  fossils  are  distributed  through  a  thickness  of 
seventy  feet.     Since  this  discovery  many  other  fossils   have 
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bren  founH*)  inik'ril  ihej  have  become  so  numernus  that  H  may 
be  rt'jjDnlpd  as  ruthrr  rich  in  organic  remains.  Near  its  jonc- 
(iciD  with  the  next  rook  nimrine  plants  are  quite  abuodant. 
TrilohilMi  crinoiils.  OrthidiP,  etc.,  are  among  the  fossils  of  this 
rock;  thus,  tlte  base  of  the  Silurinn  system  has  proved  to  be 
roMilifiTuuH  nt  the  lowest  beds.  It  is  particularly  so  nhere  car- 
bnnat«  of  lime  enlets  ev*n  id  b  small  quantily  into  its  composi- 
tion.    The  fossils  will  be  di-M-ribcd  in  another  part  of  the  work. 

From  what  has  b«-en  saiii,  it  witi  be  perceived  that  it  U 
widely  distributed;  that  it  is  quite  uniform  in  its  composition. 
In  norlhcro  New  York  it  is  harder  and  more  vitreous  than  at  the 
ymH  and  soulbwest 

^  7.  Eeonoiaical  mes  of  the  Pottdam  sandstone. — The  trpical 
form  of  the  rock  occurs  at  Potsdara,  where  it  is  very  even  bedded, 
breukiiigwith  fniiiitj  into  pieces  of  almost  any  size,  even  of  the 
gixo  of  a  brick.  At  Moira  and  Malone,  N.  Y.,  it  is  also  eveo  bed- 
ded and  suitable  for  flags  and  for  building.  Houses  which  are 
constructed  of  this  rock  look  remarkably  neat  and  finished.  It  has 
an  advantage  over  the  compact  limestones,  that  moisture  is  not 
conilcnscd  upon  llif  iiinor  surface  of  the  walls.  The  rock  is  also 
suitable  for^lass  niakiitp;  at   many  localities.     .'V  white,  friable 


,ru-t)-  . 


,  N.  V. 


r  this  inirpnse   is  found  at  Moirn,  in  Clinton 

(I  v;irictjes  usually  stand  the  fire  remarkably 
lavr    l>wn    rather   larirelv  employed  for    the 


luartl 

^8. 

IS  of  fu 

ITM 

lis. 

,!-(,/ sY,.J 

...^ 

Formation  No.  2,  of  .Messrs.  Ro- 

f,M.r.s'l 

:  u-o.  It. 

■p.- 

-Til 

lisrnckhasa 

vnrialilccnmpnsilioti.  The 

name 

was  tl 

rsl  app 

\h; 

1  l.y 

Mr.  !■: 

alon  t 

0  a  rock  consistinj^  nf  carhonaie 

ofliui 

icatKJ  1 

■;ra 

ins  of  ; 

•^aiul  s 

(1  intimately  hlcn.led  that 

il  ap- 

pear.'. 

il  ijorni 

s       Th 

lis  is   : 

il  gray  rock,  and  the  gra 

ins  ol' 

linu-^i 

:onc  -i 

^(■  ; 

\    S)' 

urklin 

i:  ,surl 

ace.     It  always  contains 

small 

mass. 

■s  nt  <a 

Irit 

r  cil.' 

spar. 

intimately  blended  in  the 

mass. 

Subse 

qu.ut  , 

■^al 

iiim 

ition  li 

laspr.i 

'\i;\  that  Ibis  rock  pas>ed 

into  a 

pure 

carbon 

ale 

of 

lime. 

soiuet 

imes  gray,  and  at  other 

times 

CALCIFEROUS   SANDSTONE.  133 

black.    In  many  places  it  contains  beds  of  magnesian  limestone 
and  a  small  quantity  of  iron. 

There  are,  therefore,  when  composition  is  regarded,  three 
varieties;  the  silicious,  the  magnesian  and  the  pure  carbonate 
of  lime.  Of  course  there  are  intermediate  grades  of  compo- 
sition. 

Leaving  out  of  view  its  composition  and  turning  to  its  struc* 
ture,  it  is  proved  to  pass  from  compact  to  granular;  the  granular 
becomes  porous,  and  frequently  this  variety  has  cavities  which 
are  lined  with  crystals  of  quartz  and  calcareous  spar. 

Instead,  however,  of  a  cavity  lined  with  numerous  points 
of  crystals,  a  single  perfect  crystal  of  limpid  quartz  will  be 
found  nearly  filling  the  space.  These  cavities  also  contain 
a  solid  coal-like  substance,  in  the  form  of  globules  and  drops. 
The  composition  of  this  substance  has  never  been  determined 
by  analysis.  It  exfoliates  in  fine  particles  in  the  flame  of  a 
candle,  leaving  a  smooth,  conchoidal  surface;  but  it  neither 
burns  nor  exhales  a  bituminous  odor.  The  substance  is  some- 
times contained  in  the  quartz  crystals  and  in  the  calc  spar  also; 
the  quartz  is  also  sometimes  in  globules.  The  structure  of  the 
rock  is  often  oolitic;  the  rounded  grains  are  usually  the  size  of 
mustard  seed,  but  sometimes  again  they  are  six  or  eight  inches 
in  diameter,  when  the  structure  is  regarded  rather  as  concre- 
tionary than  oolitic.  Strata,  sometimes  six  or  eight  thick,  are 
concretionary,  forming  alternating  beds  with  those  of  the  ordinary 
kind.  The  quartz,  however,  is  not  always  in  grains  or  in  crystals, 
but  is  more  commonly  cherty  and  frequently  very  abundant  in  the 
lower  beds.  This  rock,  as  it  usually  occurs,  is  dull  and  would 
not  admit  of  a  polish.  The  dullness  is  due  to  the  presence  of  a 
yellowish  earthy  sediment  between  the  strata.  It  is  a  tough 
rock,  especially  when  thick  bedded,  or  when  it  passes  into  the 
Potsdam  sandstone. 

At  Chazy  the  following  strata  occur  in  a  series  of  beds,  be- 
ginning with  the  lowest: 

I.  Silico-calcareous  beds  more  or  less  interspersed  with  sparry 
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masses,  thirty  to  ihirty-five  feet;  fossils  rare  and  more  < 

cherty. 

3.  Orinoldal  mass  composml  almost  eutirely  of  disjointed  aoH 
broken  coluiuiis  of  cncriitites  in  which  plates  of  the  cistidea 
may  be  recognized,  twenty  ftet, 

3.  A  dull,  gray,  earthy  mass,  tea  teet,  without  fossils,  and 
passing  into  oolitic  beds. 

4.  Another  crinoidal  mass  similar  to  the  first,  tbougli  iis 
color  is  of  a  brighter  red,  16  feet, 

6.  A  mass  more  earthy  and  silicioua,  and  toore  massive;  it 
contains  iLe  Isotelus  and  Illffinus,  twenty  feet, 

6.'  Mineral  character  simitar  to  the  foregoing;  the  fossils  are 
mostly  Orthidfe,  of  which  individuals  two  or  three  species  are 
very  numerous. 

7.  Red  crinoidal  mass,  with  less  earthy  matter,  and  is  sus- 
ceptible of  a  fine  polish;  fifteen  feet  thick. 

8-  Drab  colored,  thin  bedded,  magnesian  beds,  suitable  for 
hydraulic  lime.  The  drab  colored  layers  rarely  contain  fossils; 
at  r,lenn'-s  fnlls,  linwuv^'i-.  ihev  L'oiitairi  fiicoid^.  Towards  tJu' 
top  of  the  rouk  it  is  blue  iitid  frequently  cherty  ami  oolitic  with 
concretionary  beds.     These  upper  masses  are  variabli    \n  thick- 
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which  has  received  the  local  name  of  St.  Peter's  sandstone.  It 
differs  from  the  same  rock  at  the  southwest  only  in  being  thicker 
and  exposed  more  prominently  to  view.  It  is  superimposed  upon 
the  interior  beds;  it  stands  prominently  out  in  the  mural  escape- 
ments of  the  St.  Peter's  river.  It  is  not  proposed  to  separate  it 
from  the  calciferous.  It  merely  forms  one  of  its  prominent 
subdivisions,  and  is  noted  as  No.  C,  of  the  calciferous  sandstone, 
of  which  it  is  regarded  as  the  terminal  member. 

In  the  southwest,  or  in  Virginia,  Tennessee  and  Kentucky,  the 
calcilerous  sandstone  at  Shannon's  scarcely  differs  from  that  of 
northern  New  York.  At  the  western  foot  of  Walker's  mountain 
the  calciferous  includes  a  sandstone  which  comes  in  near  the  top 
of  the  series,  and  is  analagous  to  the  St.  Peter's  sandstones  of 
the  northwest. 

Chemical  Composition  of  the  Rock. 

§  9.  Dr.  Owen  gives  the  following  result  derived  from  Mr. 
Norwood's  analysis  of  this  rock.  It  is  the  magnesian  variety, 
as  the  analysis  shows: 

1.  From  Lake  Pepin.      2,  Oolitic,  from  Winnebago. 

Carbonate  of  Lime,               520  50-93 

Carb'te  of  iMagnesia,           42*2  41*13 
Insoluble  Earthy  Matter,       4*3 

Oxide  of  iron  and  Alumina,    0*9  1*74 

Water  and  loss,                      0-6  0-86 

1000  100-00 

The  average  thickness  of  the  calciferous  sandstone  is  about 
300  feet  in  New  York. 

At  the  mouths  of  Vermilion  and  Wisconsin  rivers,  Dr.  Owen 
states  its  thickness  at  225  feet,  and  the  St.  Peter's  sandstone  at 
from  forty  to  ninety  feet. 

There  is  a  peculiar  variety  of  the  foregoing  rock,  which, 
although  it  comes  under  the  concretionary  kinds,  yet  requires  a 
few  additional  remarks  in  order  to  convey  a  correct  idea  of  its 
condition.     It  is  a  lumpy,  concretionary  mass,  similar  to  a  brec- 


I 


Ma;  indeed  the  lumps  are  frequently  so  muc 

may  be  mistaken  for  the  latter  rock.     Still,  it  must  be  regaiJctI 

OB  coDcretiouary,  as  its  most  commoD  eondillon   is  that  of  a 

coacretioaary  mass.     It  occupies  a  place  near  lUe  bottom  of  tkt 

series. 

The  only  real  breccia  or  brecciated  coRglomerale  which  has 
fallen  under  my  notice  is  upon  the  Montmorenci,  in  Canada 
East,  where  these  beds  are  made  up  in  part  of  boulders. 

The  concreliooary  kind  which  1  have  described  occur  at 
Greenbush  Cantonement  hill,  one  mile  east  of  Troy,  the  gorge 
at  Highgate,  Vt,,  and  at  other  places  on  the  east  side  of  Laire 
Champlain. 

Ij  10.  Distribution  of  the  calci/eroui  landstone. — The  calci- 
ferous  sandstone  is  more  persistent  than  the  Potsdam  sandstone, 
hence,  it  is  the  base  of  the  Silurian  system  when  the  latter  is 
absent.  It  surrounds  the  irregular  dome  of  primary  rocks, 
which  form  the  northern  highlands  of  New  York,  overiyinfj  the 
sandstone.  It  is  better  represented  at  Chazy  than  at  any  other 
Iilan;  situnli'il  upon  llir  Ihir.k-;  oi  thh  dome.  Al  Mi<iclltvilie,  in 
the  .Mohawk  valley,  it  contains  line  limpid  ([uartz  in  its  caviiies 
toi^utlier  with  caleiiieuus  spar  and  globular  unhituminized  coal- 
both  in  the  tiivities  and  in  the  interior  of  thi;  quartz  and  spar. 
They  also  contain  biown  spar. 

The  concretionary  variety  is  found  at  Little  Falls  near  the 
top  of  the  clilfol  this  rock,  where  it  rests  in  gneiss.  On  botli 
sides  of  the  St,  Lawrence  it  follows  the  ijuarlz  or  Potsdam 
sandstone,  and  may  be  traced  Iroiu  Kin^'ston  to  Luke  Huron;  it 
disappears  under  the  waters  of  GeorL;iaii  bay. 

On  llie  west  side  id"  Green  bay.  Lake  Jlieliiiian,  it  crops  out 
from  beneath  the  Trenton  limestone  or  its  equivalent,  and  ap- 
pears in  a  loiig  narrow  belt  riinninfi  down  to  Jamesville  on  the 
Uoek  river,  where  the  belt  runs  westward  to  Prarie  du  Chien, 
and  finally  it  passes  up  IioIIl  sides  of  the  -Mississippi;  near  to 
Fort  SJnellinuJl  inclines  again  to  tlieriLtbt  and  kit.  the  right  fork 
going  up  the  St.  Croix,  the  other  iollows  tiie  St.  Peter's  soulh- 
-wtbtward  to  the  foiks,   near  the  Marrah  Saukah  lake.     It  has 
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been  traced  upon  the  routes  of  these  large  rivers.  On  the  Mis- 
sissippi it  is  denuded  on  both  sides,  exposing  to  view  the  lower 
sandstone.  This  rock  accompanies  the  Potsdam  sandstone  south- 
west; passing  through  Orange  county,  N.  Y.,  into  New  Jersey, 
Pennsylvania,  Virginia,  Tennessee,  keeping  company  with  the 
sandstone  beneath.  I  have  stated  that  the  Potsdam  sandstone  does 
not  flank  the  Blue  ridge,  but  follows  the  middle  or  the  western 
side  of  the  great  southwestern  valley,  passing  west  of  Winches- 
ter, one  mile  west  of  Staunton  and  about  2  miles  west  of  Wythe- 
ville,  at  the  base  of  Brushy  mountain,  and  the  western  base  of 
Walker's  mountain.  The  calciferous  pursues  the  same  route 
and  following  the  same  valley  it  passes  into  Tennessee,  but  I  am 
unable  to  say  whether  it  may  be  traced  entirely  across  the 
latter  state  into  Alabama. 

§  11.  Mineral  contents  of  the  rock. — This  rock  is  not  regarded 
as  rich  in  metals.  Dr.  Owen  however  reports  localities  where 
lead  ore  (galena)  has  been  found.  Thus,  on  the  west  side 
of  the  Mississippi,  fifteen  miles  above  the  mouth  of  Turkey 
river,  large  quantities  of  galena  were  taken  from  openings 
in  this  rock.  Numerous  localities  have  been  observed  where 
this  ore  has  been  found  in  the  northwest.  A  few  seams  of  cop- 
per have  also  been  discovered  by  the  government  surveyors,  but 
nothing  which  promises  much  up  to  the  present  time.  Sul- 
phuret  of  iron  and  blende  in  small  lumps  occur  in  the  rock  in 
New  York,  but  it  is  unknown  as  a  metalliferous  rock;  in  the 
southwest  it  is  equally  barren. 

Its  Palaozoa. — This  rock  is  rich  in  fossils,  and  contains  many 

at  certain  localities.     At  Chazy,  particularly,  most  of  the  strata 

are  rich  in  organic  remains.    Marine  plants,  corals,  brachiopods, 

gasteropods  and  crustaceans  are  abundant  in  this  mass  at  Chazy. 

No  less  than  three  beds  of  lingulas,  neither  of  which  is  leSs  than 

ten  feet  thick,  occur  in  this  ancient  formation.     Silurian  forms 

and  types  had  already  become  numerous,  and  though  it  can  not 

be   said   that  the   species  were  numerous,  yet  individuals  of 

species  were  remarkably  so.     Strata  are  frequently  made  up  of 

organic  remains,  among  which  we  find  only  a  few  species;  the 
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simple  plaited  orlhiilffi  are  the  most  common  in  the  fossitifaYtn* 
bciis. 

^  12.  CVtary  limestone. — In  New  York  where  this  rock  ia 
clearly  devclopeti,  it  is  a  dark  colored,  irregular,  ihjck-bedded 
limestone.  At  Chazy  it  is  a  rougli,  cherty  mass;  the  fossils  are 
imbeililed  in  a  flinty  matrix.  At  Essex,  on  Lake  Charaplain,  this 
rock  is  a  thick  bedded  limeslone,  and  contains  less  foreign  earthy 
matter  than  Ihc  rock  just  described.  This  rock  is  not  the  one 
known  as  the  Black  river  limestone,  though  it  has  been  referred 
to  as  such;  it  is  a  distinct  rock,  one  which  the  writer  was  the 
first  to  recognize  by  its  peculinr  fossils  as  well  as  by  its  position. 
In  southwestern  Virginia  and  in  Tennessee  it  occupies  the  same 
position  and  contains  the  same  Ibssils  as  at  Chazy  and  £ssex. 
Its  thickness  is  130  f'ett-  The  most  promint^nt  fossil  is  the 
Straparollus  (Ma^lurea  magna)  of  Le  Sueur,  pi.  4,  Jig.  15,  It 
seems  to  be  absent  in  Wisconsin  and  Iowa. 

(j  13.  Birdseye  limestone. — This  iimestone  is  close  (^rained  and 
frequently  compact  like  Hint;  it  is  brittle,  and  breaks  with  a 
confhoidal  fracture.  It  is  black,  dove-colored,  taking  some- 
times a  yellowish  linge.  The  rock  always  bus  a  compact 
structure,  in  which  it  is  unlike  ihe  oilier  limeslones  of  ihe 
group. 

§  14.  Distribution. — It  accompanies  the  lower  Silurian  lime- 
slones  in  northern  New  York  and  Canada.  It  exists  in  the 
Champlain  and  iMohawk  iind  Black  river  valleys.  In  the  Mo- 
hawk valley,  at  a  lew  places,  it  is  only  one  or  two  feet  thick. 
In  Cauaila,  il  is  a  bcauliiul,  light  colored,  compact  lock,  suf- 
ficiently light  colored  and  fine  graineii  lo  be  cinployi'd  for  lilho- 
graphic  purposes.  It  is  associated  in  the  soulhwc^t  with  the 
preceding  rocks.  Its  fossils  are  not  numerous;  tlie  most  com- 
mon one  is  llie  Fucoidi's  dciiiissus  of  Conrad,  /)/.  A,  fig.  12,  13. 

isle  L'lMoll  iimrli/c. — Is  a  tliiii,  black,  fine  grained  rock;  it  is 
a  pure  limestone,  frct^  from  Ibrcign  matter,  it  will  receive  a 
fine  polish,  and  in  consequence  of  i(s  fine  grain  and  color,  is 
highly  esteemed  as  a  marble.     At  Isle  La  iMott  it  is  thicker 
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than  at  Watertown,  but  its  greatest  thickness  does  not  exceed 
twelve  or  fourteen  feet.  It  merits  a  passing  notice  on  account 
of  its  value  as  a  marble.  It  contains  a  few  obscure  and  rather 
broken  fossils,  which  injure  it  for  marble,  as  they  make  white 
spots.  It  is  unknown  in  the  north  or  southwest.  Its  fossils  are 
similar  to  the  Birdseye,  or  those  below  it,  rather  than  those  of 
the  Trenton  limestone  which  succeeds  it. 

§  15.  Trenton  limestone. — ^This  rock  in  northern  New  York 
and  Canada  is  black  and  fine  grained,  or  else  it  is  a  grey  subcrys- 
talline  limestone.  It  is  massive,  or  in  thick  beds,  as  at  Trenton; 
in  other  places  it  is  rather  thin  bedded  and  alternates  with 
black  slate  as  at  Chazy.  The  upper  part  is  shaly,  and  passes 
into  the  Utica  slate.  It  is  therefore  not  uniform  in  its  compo- 
sition and  in  the  formation  of  its  constituent  strata.  This  lime- 
stone is  often  bituminous.  In  the  quarries  of  Montreal  its  sur- 
faces are  adhesive  from  bitumen.  This  rock  is  impure,  from 
the  presence  of  shale  or  agillaceous  matter,  while  the  calciferous 
sandstone  is  impure  from  the  presence  of  silex.  This  rock  is 
white  in  southwestern  Virginia. 

§  16.  Distribution. — It  is  the  most  persistent  of  all  the  lower 
Silurian  rocks  except  the  calciferous  sandstone.  It  is  prevalent 
in  northern  New  York  and  Canada;  the  valleys  of  the  St.  Law- 
rence, Champlain  and  Mohawk.  In  the  northwest,  in  Wiscon- 
sin and  Iowa,  it  is  described  by  Dr.  Owen  as  the  shell  limestone, 
but  seems  to  be  less  important  than  the  calciferous  sandstone. 
It  is  also  present  in  Pennsylvania,  Virginia  and  Tennessee.  In 
southwestern  Virginia  it  is  a  white  crystalline  rock,  though 
loaded  with  organic  remains.  Its  average  thickness  is  about 
400  feet. 

§  17.  Its  Palisozoa. — Is  its  highest  claim  to  notoriety.  We 
have  no  rock  so  rich  in  fossils  as  the  Trenton  limestone.  It 
contains  gasteropods,  brachiopods,  lamellibranchiates,  crinoids, 
and  five  or  six  species  of  Crustacea  as  the  Isotelus  gigas, 
Calymene  senaria,  &c. 

§  18  •  Utica  slate, — ^The  Trenton  limestone  passes  into  this  rock 
by  becoming  more  slaty  or  shaly  and  losing  its  calcareous  beds. 
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It  is  itself  a  calcareous  shnle,  more  or  less  bitumtnouA.  InKnr 
York  the  iliviiiing  tines  between  the  iimeslones  bt^lov  sod  ihe 
Loraine  shales  ubove,  are  not  distinct.  In  the  western  slates  it 
is  merged  in  the  blue  limestone.  In  the  southwest  it  is  dm 
recognizable.  The  calcareous  shales  in  ihe  gorges  of  Loraioe, 
Jefferson  county,  in  which  there  arc  neither  limestone  normntf- 
stone  beds,  arc  about  seventy-five  feel  thick. 

^  lit.  Loraine  shales  lerminaiing  in  a  thick  bedded  gray  stmd- 
stone- — The  rock  succeeding  the  Dtica  slate  passes  from  the 
latter  into  the  former  by  its  beds  of  sandy  shale  and  thin  bed- 
ed  sandstone.  The  argillaceous  mslter  loses  its  lime  also,  and 
in  passing  upwards  changes  affecting  its  paltponlology  are  very 
soon  perceived.  These  shales  consist,  in  the  inferior  paris 
at  te<ist,  of  thin  alternating  beds  of  gray  sandstone  and  slate; 
the  sandstone  becoming  thicker  at  the  superior  part,  the  shale 
diminishing,  the  rock  finally  passes  into  a  gray  even  bedded 
sandstone.  The  typical  rock  is  displayed  in  the  gorges  of  Lo- 
raine and  Rodman,  and  not  upon  the  Hudson  river.  In  the  latter 
rcttion  the  rock  is  crushed,  and  is  by  no  means  in  a  condition 
suitable  to  give  cliarncter  to  a  group,  hence  il  should  be  referred 
to  only  as  a  modified  coii<lition  of  the  Loraine  shales. 

^20.  m^ilrihidion  of  the  Loraine  sliuks  and  suml!.toiies.~\n 
Jelleison  and  Uneida  counties,  in  New  York,  St.  Jolin's  and  its 
neighborhood  Caniuhi  East,  are  the  most  important  points  at  the 
north  where  this  grou)!  is  developed. 

On  the  Mohiiwk,  at  Cohoes,  the  shales  and  sandstones  in  a 
crushed  condition,  are  tolerably  well  exposed.  They  may  be 
traceil  lo  Schenectaily  and  Saratoga,  where  Ihey  lie  in  a  hori- 
zontal position-  At  the  west  near  Cincinnati,  this  i^roup  is 
calcareous  throughout,  and  is  called  the  liluf  limestone.  In 
Virginia,  in  Wythe  county,  the  group  consists,  first,  of  a  rnottieil 
sandstone,  pebbly  at  the  bottom  and  becoming  marly  at  the  top, 
and  contains  Ibssiliferous  bands  which  identify  it  in  ]iart  with 
the  Loraine  shales.  Above  this  reddish  iiiottleil  sandstone  were 
found  beds  of  calcareous  shales  and  thin  bedded  limestone,  and 
above,  still,  olive   green  sandstones  and  marls,  with  Pterinea 
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carinata  of  Conrad.  ThisgroupglhereforeidilTers  physically  here 
from  the  western  group  near  Cincionati,  and  the  same  group  in 
New  York  and  Canada.  The  fossils,  however,  are  the  same,  with 
(he  exception  that  among  those  which  occur  west  and  north, 
there  are  a  few  species  confined  to  the  south.  The  palaeontology 
is,  however,  almost  identical.  The  rock,  equivalent  to  the  Oneida 
conglomerate  is  not  universalat  the  south,  neither  are  the  upper 
beds  so  constantly  thick  bedded  as  in  Jefferson  and  Oneida 
counties. 
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The  order  which  I  propose  to  follow  in  describing  the  fossils 
of  the  group  will  accord  with  the  modern  systematic  arrange- 
ments which  have  been  generally  adopted  by  zoologists.  The 
student  will  find  many  advantages  resulting  from  a  classification 
which  embraces  both  the  living  and  extinct  species,  as  he  will 
thereby  aid  his  conceptions  of  the  latter  by  means  of  the 
former. 


MOLUSCA. 

§22.  As  the  name  indicates,  are  animals  whose  bodies  are  soft 
or  a  peculiar  fleshy  substance,  as  in  the  well  known  animals  the 
clam,  oyster  and  snail.  They  have  no  hard  or  bony  skeleton, 
but  are  usually  provided  with  external  hard  parts  called  the 
shell,  which  is  a  secretion  from  the  skin,  consisting  mostly  of 
carbonate  of  lime.  Their  nervous  system  is  distinct,  but  contains 
but  a  small  amount  of  medullary  matter.  They  have  also  a  cir- 
culation and  all  the  organs  of  sense.  The  place  assigned  them 
in  the  rank  of  beings  is  between  the  articulata,  as  the  spiders, 
crabs,  &c.,  and  the  radiata,  or  the  corals.  This  subkingdom  is 
divided  into  five  classes:  Cephalopoda,  Gasteropoda,  Acephala, 
TuNicATA  and  Bryozoa.  These  classes  are  subdivided  into  two 
sections;  the  first  embraces  the  more  perfect  Molusca,  all  of 
which  have  a  nervous  gangliated  cord  surrounding  the  (Bsopha- 
gus;  they  have  also  the  sexual  organs  of  the  higher  animals, 
and  are  never  aggregated  or  produced  in  family  groups.  The 
lower  division,  on  the  contrary,  and  which  is  called  molus^ 
coides,  has  only  a  rudimentary  nervous  system,  no  distinct 
ganglia,  and  are  reproduced  by  buds  as  well  as  from  eggs,  and 
they  are  also  small  and  live  in  families  in  a  mode  similar  to  the 
corals,  to  which  they  have  a  strong  resemblance.  They  em- 
brace the  two  last  classes  mentioned  in  the  foregoing  classi- 
fication. 
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I.    CtPIJAI.OM>DA. 

Animals,  some  of  which  are  destitute  of  an  cxteinal  or  an 
internal  shell,  others  are  provided  with  an  internal  shell  oaly, 
and  others  still  wilh  an  external  diambered  one;  head  distinci 
and  provided  with  eyes;  inslruiaenls  ol'  loromolion  and  pre- 
hension numerous,  and  arranged  about  the  head,  and  which  are 
armed  with  fliii'kersor  hooks.  The  cuttlefish,  nautilus  andspirula 
arcexamplcsof  Molusca  belonging  to  this  order.  All  the  knotrn 
living  species,  logelher  with  many  extinct  ones,  were  provided 
witii  a  dark  colored  secretion  stored  up  in  a  sack,  the  contents 
of  which  can  be  emitted  at  will,  'which  discolors  the  water  ami 
thereby  favors  their  escape  when  pursued  by  their  Coes.  The 
external  shell  may  have  one  or  more  chambers;  the  former  are 
called  monotlmlamacta ;  ihe  latter, /»o/j/Mo/antaCco.  The  trans- 
verse partitions  of  the  chambers  are  called  sepia,  and  the  sepia 
ere  perforated  by  a  tube  called  a  siphon  or  siphuncie,  which 
may  be  continuous  or  interrupted. 

Those  of  the  class  which  are  provided  with  exteroal  sbeUt 
ii)a,V  bedividi.l  :is  follows:  1.  Those  wlicse  shtlls  are  roll.,! 
up  so  as  to  form  a  circular  disk;  2.  Those  whose  shells  are 
merely  curved,  or  iircuule;    3.  Those  whose  shells  arc  slraicht. 

Ut-fore  I  [irocecil  to  describe  the  fossils  bcloni^ing  lo  the 
forcijoing  divisions,  it  will  be  useful  lo  the  student  to  illustrate 
by  figures  the  forms  of  the  septa  and  position  of  the  siphon,  as 
both  furnish  important  distinctive  cliaraclers.     Thus,  septa  are 


simple  as  in  the  Nautilus,  fig.  2;i,  A,  undulated  as  in  certain 
kinds  of  Anunonitcs,  as  in  B,  artioresccent  as  in  C,  and  angu- 
lated  as  in  the  Goniatiles,  fig.  27,  A,  B. 


The  siphon  is  central  as  in  fig.  26,  A,  or  in  other  genera  it  is 
Eubcentra],  ventral  or  dorsal. 


The  measurement  of  symmetrical  conical  univalves  is  ahown 
in  fig.  28.  The  width  is  measured  across  the  aperture,  the  length 
in  the  direction  of  /  /,  and  d  d.  The  figure  explains  suf- 
ficiently the  otlier  measurements. 

Hg.  38. 
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Stfnopsis  of  the  order. 
•  I.  Shell  discoidal,    Lituites.    Trocholites  Hortholus; 
II.  Shell  arcuate;  Cyrtoceras,  Oncoceras. 
HI.  Shell  straight;  Ortboceras,  Qonioceras  Actinoceraa  Gotn- 
phoceras  Endoceras,  Cameroceraa,  Melia, 
19 
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I).  Discoiiial,  septa  simple. 
Genus,  Litlites. 
Shell  discoidal;  volutions  contiguous;  siphon  central. 

L.  uNDATus,  j)l.  5,/ig.  14,  14,  a. 
Inachus  undatus  {Conrad), 
Shell  rolled  up  wilh  its  convolutions  equally  depre^ed  on 
either  side;  the  oulside  as  well  as  the  inside  of  the  volution  flal- 
leried;  surface  marked  by  strong  oblique  ridges  between  which 
it  is  finely  striated;  strlif  upon  the  back  lorna  an  imperfect 
arch.     It  occurs  in  the  Black  river  limestone. 

Houtholus  {Mon(forl). 

Convolutions  disjointed  or  somewhat  distant  In  the   young 

shell,  and  become  more  so  after  two  or  three  volutions,  becoiDiii^_ 

in  the  end  nearly  straight  towards  the  aperture.  MH 

H.    AMERtC&NUS.  ^1 

Liluites  convolvnin  {Hall), 
Volutions,  two  or  three,  scarcely  contiguous;  surface  Anootll* 
section  circular,  septa  plane  or  moderately  convex;  direction 
oblique  from  the  inner  side  of  (he  volulinn  outward  and  upward 
{Hall);  position  of  ilic  siphon  undetermined.  Occurs  in  the 
'Black  river  limestone  at  Watertown. 

Trocholites. 
Volutions  nearly  in  the  same  plane,  ventral  disk  more  concave 
than  the  dorsal;  ventral  surface  flattened  and  even  slit^htly  con- 
cave; transverse  section  obtusely  lunate;  siphon  small,  ventral. 

T.  AjiiioNius  {CoiiTud),  pi.  12, Jig.  14  c,  15. 

Volulions  about  four;  enlargement  grad- 
ual; surface  ornamented  by  oblique  ridges, 
wbicli  form  u  distinct  arch  upon  the  back, 
and  inarked  by  fine  waving  interrupted  stris, 
and  very  obsucre  longitudinal  ridge;  aper- 
ture suddenly  enlarged  as  in  fig,  29 

Trenton  limestone  and  Utica  slate 
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T.  PLANOBiFORMis  {Conrad), 

The  shell  is  rather  larger  than  in  the  preceding  section;  more 
elliptical;  mouth  lunate;  transverse  ridges  form  a  curve  rather 
than  a  distinct  arch;  surface  longitudinally  striated.  Loraine 
shales. 

B.  Shell  arcuate,  septa  simple, 

Cyktoceras  {Gold), 
Shell  moderately  curved;  section  circular;  siphon  dorsal. 

C.  Maroinalis  {Conrad). 

C.  Macrostomum,  Jig.  30  {Hall). 

Fig.  30.  Shell  moderately  curved,  enlarging  rapidly 

towards  its  aperture:  septa  numerous;  it  has 
twelve  to  thirteen  septa  in  an  inch  towards 
its  small  extremity.  Belongs  to  the  Trenton 
limestone. 

C.    ANNULATUS  {Holl). 

It  has  a  central  siphon,  and  hence  should 
probably  be  placed  in  another  genus. 

C.   LAMELLOSUM  {Hall), 

Shell  gently  curved;  surface  ornamented 
with  sharp  undulating  lines,  which  are 
arched  downwards  towards  the  apcol  ex- 
tremity.   Trenton  limestone. 

C.   CONSTRICTOSTRIATUM  (Hall). 

Shell  nearly  straight;  surface  ornamented  by  fine  transverse 

striaB. 

C.   MULTICAMERATUM  {Hall). 

Septa  close  and  numerous,  and  curved  at  the  apex;  septa 
about  thirty  in  an  inch. 

C.  ARCUATUM  {Hall). 

Shell  gently  curved,  and  tapering  slowly  towards  the  apex; 
septa  about  twelve  or  thirteen  in  an  inch* 


\)»3^ 
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C.   Ci«CRUM(//a//). 

Curve  greater  than  in  the  preceding  species;  sepia  atiout  nine 
to  the  inch.  The  three  Jast  are  not  murkeil  by  strife.  Tlieyall 
belong  to  the  Trenton  period. 

Onoocgsis  {Hall). 
Shell  arcuate,  swollen  near  the   uititdle,  siphon  small  dor- 
tal;  septa  nearly  flat. 

0.  coNSTKicTtna,  pi.  I2,jig.  2. 
Shell  short;  constricted  near  the  mouth,  and  rapidly  contract- 
ing towards  the  smaller  extremity.     It  is  always  imperfect  at 
the  smaller  extremity,  being  apparently  truncated.      Trcoton 
limestone. 

C.  Shett  straight. 

Oethoceeata. 

Synopsis  of  the  straight  Cephalopoda. 

L  Shell  regularly  tapering;  siphon  small,  central  or  aul 

tral ;  section  circular.     Ortboceras. 

II.  Shell  siibconical,  siplion  ventral;  section  circular;  siphon 
with  interseptal  swellings.     Aclinoceras. 

III.  Shell  subfusifonu;  siphon  eccentric.     Gomplioceras. 

IV.  More  than  one  subconical  body  enclosed  in  the  shell; 
siphon  large,  veiilral-     Endoceras. 

V.  Siphon  large,  lateral  and  spiral;  section  elliptical.  Ca- 
me roceras. 

VI.  Siphon  large;  septa  waving;  section  an  elongated  ellipse. 
Gonioceras. 

VII.  Siphon  large,  ventral,  an<l  without  intersqital  swellings; 
section  subcircular.    Melia. 


Shell  straight;  tapering;  having  its  siphon    central  or  sub- 
central;  st'Ction  circular. 

O.  rniMTGEMLs  (Hall.) 

Shell  genlly  tapering;  septa  thin  and  numerous;  proximate, 
calciferous  sandstone. 
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0.  LAQUEATUM  {Holl), 

Shell  tapering  slightly,  and  longitudinally  fluted.  Calciferous 
sandstone. 

0.  RECTIANNULATUS  {Hall), 

Shell  tapering  very  gradually,  and  marked  by  transverse 
ridges.     Chazy  limestone. 

0.  SUBARCUATUS  {Holl). 

Septa  rather  distant;  slightly  cunred.    Chazy  limestone. 

0.   BILINEATUS. 

Tapering  very  gradually;  low  or  rather  flat;  septa  rather 
distant;  surface  marked  by  coarse  distant  longitudinal  striae. 
Calciferous  sandstone,  Greenbush.  [See  Palaeontology,  N.  Y., 
by  James  Hall,  p.  35.  ^Trenton  limestone  thrust  up  through  the 
Hudson  river  slates."  !  ! 

The  fact  in  regard  to  the  rock  at  Greenbush  is,  that  the  calci- 
ferous sandstone  forms  the  greater  portion  of  the  calcareous  mass. 
The  upper  part  is  the  Trenton  limestone  consisting  of  thin  beds 
of  black  limestone  interlaminated  with  shale  or  slate,  as  at  many 
localities  in  the  Mohawk  and  Champlain  valleys.  In  these  beds 
of  limestone  we  obtain  the  fossils  of  the  Trenton  limestone. 
Besides,  it  is  quite  difficult  to  conceive  how  one  rock  can  be 
thrust  through  another  without  making  a  hole  in  it.  If  the 
specimen  on  pi.  7,  fig.  4,  is  compared  with  those  of  pi.  43,  fig. 
14  and  15  it  will  not  fail  to  strike  any  one  that  either  the  figures 
are  very  badly  drawn,  or  else  the  fossils  are  quite  different.  To 
admit  the  existence  of  the  calciferous  sandstone  below  the 
Trenton  at  this  place,  would  be  equivalent  to  the  admission  of 
the  Taconic  system. 

0.   TERKTIFORME  {HoU). 

Shell  marked  by  subspiral  rounded  close  annulations;  surface 
longitudinally  striated;  septa  quite  convex;  siphuncle  small. 
Trenton  limestone. 

0.  ARCUOLIRATUM  {Hdl\  pi.  12,  Jig.  4. 
Shell  slender;  ornamented  with  transversely  spiral  and  slightly 
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elevated  undulating  ridges;  separated  by  spaces  equal  to  their 
breadth;  surface  finely  striated  longitudinally. 

0.  TEXTILE  {Hall). 
Shell    rather  small    slightly   tapering    evenly    and    finely 
striated  longitudinally;  undulations  circular;  proximate. 

0.   CLATHRATUM  {Holl). 

Small  transverse  Tidges  angular  and  finely  striated  and  distant 
one  half  the  diameter  of  the  shell.    Trenton  limestone.    Rare. 

0.  ANELLUs  {Conrad). 
Shell  elongated;  tapering  very  gradually;  annulations  angular; 
approximate  and  in  width  equaling  one  fourth  the  distance  of 
the  shell,  which  is  marked  by  fine  undulating  longitudinal  strie. 
Trenton  limestone.    Greenbush. 

0.  UNDUrOSTRIATUS  {Hall). 

Annulations  subangular;  arched  upon  the  back  and  direct 
upon  the  ventral  side;  back  transversely  striated;  septa  quite 
convex. 

0.  ABfPLICAMERATUS  {Hall). 

Shall  rather  large,  long  and  tapering  very  gradually;  siphun- 
cle  eccentric;  septa  distant  and  very  convex. 

0  MULTICAMERATUS  {Hall)j  pi.  4^  Jig.  8. 

Elongated  terete,  slender,  smooth;  septa  numerous,  and  dis- 
tant from  each  other  from  one  fourth  to  one  half  the  diameter 
of  the  tube;  siphon  central.     Birdseye  limestone. 

0.  STBIOATUS  {Hall). 
Shell  terete;  surface  marked  by  distinct  and  rather  undulating 
longitudinal  striae;  septa  quite  convex,  and  distant  about  one 
fourth  the  diameter  of  the  shell. 

II.    AcTINOCERAS    {BfOTin). 

Orraoceras  {Hall). 
Shell   straight;  subconical;   siphon    eccentric  and  swollen, 
or  extended  beyond  the  perforation  by  which  it  appears  to  be 
large. 


• 
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A.    TBNDIFILUM  {HolL) 

Shell  gradually  tapering,  and  the  larger  end  marked  by  trans- 
Yei*se  stris;  siphon  ventral;  septa  rather  distant;  moderately 
convex,  double;  the  upper  being  deflected  so  as  to  enclose  the 
swollen  siphon.  I  have  observed  that  when  the  outer  part 
of  the  shell  was  weathered  it  shows  annulations  of  growth  or 
striae.  Distance  between  the  septa  about  one-fourth  the  diam- 
eter of  the  shell.  Common  in  Jeflerson  county,  N.  Y.,  in  the 
Black  river  limestone,  to  which  it  seems  to  be  confined.  Wil- 
liams's College  Museum. 

0.  oiiAcn.B. 
It  is  less  conical,  or  more  cylindrical,  than  the  foregoing. 

0.  CREBRISEPTUM. 

This  shell  tapers  gradually;  the  distance  between  the  septa 
half  as  great  as  in  the  tenuifilum. 

III.    GoBfPHOCERAS. 

Shell  very  large;  straight;  subfusiform. 

G.  HALLii  {d^Orb.). 

Shell  enlarged  near  the  middle;  contracting  towards  the  aper- 
ture; septa  approximate  and  rather  flat;  siphon  large;  eccentric. 
Black  river  limestone. 

rv.  Endocbkas  {Hall). 

Shell  straight;  siphon  subcentral  and  large  and  contains  two 
or  more  subconical  bodies  in  the  same  tube. 

E.  PROTEiFORME,  pi.  13  and  16,  Jig.  1  a,  3  a. 

Shell  circular  and  very  gradually  tapering;  surfaces  marked 
with  transverse  and  longitudinal  fine  striae;  septa  rather  distant; 
inner  shells  subconical;  finely  striated;  the  striae  often  preserved 
upon  casts;  siphuncle  large  and  subcentraL  This  species  is 
common  and  frequently  large.  It  is  found  in  the  Trenton  lime- 
stone at  Middleville  and  numerous  other  places  in  northern  New 
York  and  Canada. 


us 
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E.    SUBCENTRAI.E, 

Shell  elongated,  cyliDdrical,  and  marked  by  distant  spiral 
ridges;  septa  distant;  sipbuncle  large;  subcenlraJ.  Black  Hrer 
limestone.     Rare. 

E.    LONGISStMUM. 

Cylindrical;  extremely  elongated  and  tapering  very  frradually. 
Black  river  limestone. 

E.    UULTirDBULATUM. 

Contains  many  concentric  tubes  one  within  the  other;  tubrs 
Ihin,  smooth.     Black  river  limestone,  Watertown. 

E.    OEMELLIFAUUM. 

Large;  tapering  rather  rapidly;  septa  moderately  convex 
distant. 

E.    ANNULATUS  (//<(//). 

Shell  large  tapering  very  gradually;  aunulations  wide  flat- 
tened; distant  one-fifth  the  diameter  of  the  tube;  septa  qoile 
convex;  siphon  large. 

E.  Arctiventrum,  angvsHcameraium,  magnivenirum,  apprvri- 

maium,  duplicalvm  and  dislans  {  Hall). 

V.  Cameboceras  (Conrad). 

C.   TRENTONENSE. 

Elongated;  section  elliptical;  diameters  as  five  to  seven;  septa 
distant,  and  with  low  and  oblique  annulations. 
VI.  GoMocERAS  {Hall). 
G-  HALUi  [dOrb.). 

Fig  3: 


Compressed  sides  expanded;  divergence  of  the  cdges25'';  sec- 
tions are  unequally  flattened;  ellipse;  septa  numerous,  sinuous 
and  double;  siphon  subcentral,  with  interseptal  swellings  Fig. 
30.     Birdseye. 


uoLuacA.  153 

VII.  Mki.i*. 
Siphon  lai^e;  ventralj  shell  large;  section  elliptical, 

M.    CANCELLATUS   (iL  s). 

Shells  large;  elongated;  sides  only  slightly  convergent;  siphon 
large;  surface  marked  by  longitudinal  and  tiaiisverse  sUite, 
giving  it  a  pitted  appearance.     Loraine  shales. 


GASTEROPODA. 
This  class  takes  its  name  from  the  circumstance  that  the  spe- 
cies it  contains  moves  upon  a  large  fleshy  disk  attached  to  the 
abdomen,  which  has  been  called  a  foot;  the  slug  or  snail 
represents  this  fact:  In  this  class  the  head  is  more  distinct.  It 
is  provided  with  tentacles  which  are  regarded  as  organs  of 
touch,  and  upon  which  the  eyes  are  sometimes  mounted.  The 
mouth  is  below  them,  with  its  jaws  armed  with  teeth.  Their 
respiratory  organs  are  in  part  fitted  to  perform  their  fund  ions 
when  in  the  atmosphere  or  water.  The  sexes  are  separate,  or 
as  is  sometimes  the  case,  are  united  in 
-one  individual.  Certain  species  belong 
to  fresh,  others  to  salt  water,  and  some 
are  destitute  of  an  external  shell. 
Their  shells  are  mostly  unsymmetrical, 
being  obliquely  rolled  into  a  spire, 
as  fig.  32,  of  which  I  i  is  the  length; 
,  b  b  the  breadth;  a  the  mouth,  and 
and  12  3  4  the  volutions  forming  the 
spire.  We  have  an  illustration  in  the 
shell  of  several  whorls  or  volutions 
which  t<^ether  form  a  rather  elevated 
spire. 

The  spire  is  often  depressed  or  flat- 
tened, or  does  not  rise  above  the  plane  upon  which  the  spire  is 
rolled,  thus  fig.  33,  the  EuomphaluS  of  Sowerby  (Straparollqs 


two  equal  piirfs;  n,  the  anterior;  p,  tho  posterior  extremity. 
The  niusi'iilar  impression  terininales  at  »t  m,  between  which 
there  is  a  sp;iee  lefl  for  the  head  or  anterior  parts  of  the  aniinai. 
Shells  of  this  form  arc  said  to  be  patelliforin. 

The  class  Gasternpoila  embnices  seven  orders; 

First  order,  the  Pulniohrnndi'uiln  —  thoy  respire  in  the  atmo- 


gastekopoda. 
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sphere;  if  provided  with  a  shell,  it  is  an  oblique  spiral.     They 
.  inhabit  tlie  land  and  water,  and  are  represented  by 

^  the  snaii  or  Helices  and  Lymnacea. 

The  second  order  contains  the  Pectibranchiata. 
A  part  respire  in  the  atmosphere,  and  -a  part 
respire  in  the  water  by  means  of  pectinated  gills. 
Loxonema,  fi<r.  35,  Turbo,  Macrocheitus  and  Sca- 
liles  among  Ihc  lossils  belong  to  this  order.  Their 
shells  are  rather  thick.  Of  the  living  irtsb  water 
shells  the  Paludinas  are  examples.  Several  ge- 
nera appear  in  the  lower  Silurian  stage. 

The  third  order  coin|)oses  the  Scutibranchiata, 
The  shells  are  conical, spiral  or  sub-spiral,  and  are 
often  symmetrical;  Helcion,  CyrtoUtes  and  Belle- 
rophon  are  among  the  fossils  which  belong  to 
this  order;  fig.  36,  is  the  Cirlo- 
lites  biloba.  They  appear  in 
the  lower  Silurian  stage. 

The  fourth  order  comprises 
the  Tectibranchiata.  The  shell 
is  unsyrametrica).  The  Bulla 
and  Umbrella  are  examples  of  shells  belong- 
ing to  the  order. 

The  sixth  order  contains  the  Pteropoda.  The  shells  are  thin, 
fragile  and  remarkable  for  their  uncommon  forms;  the  Conularia 
is  an  example.  The  order  contains  only  a  small  number  of 
genera.     The  Conularia  appears  in  the  lower  Silurian. 
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Synopsis  of  the  fossils  belonging  to  the   Pectibranchiata, 
which  have  been  found  lo  the  lower  Silurian: 

1.  Shell  discoidal.    Straparollus. 

2.  Shell  auriform;  spire  depressed.     Stomatia. 

3.  Shell  turbinate;  volutions  ventricose.    Turbo. 

4.  Shell  svblurbinate;  volutions  angular.    Scalites. 

5.  Shell 'um/eif,'  rttther  elevated;  aperture  svbquadrate;  volu- 
tions rounded;  surface  transversel]/  Hriated.     Plueratomaria. 


increasing  in  size;    Bperture  on  the  kit,  irregularly  and  hori- 
zontally depressed  above;  lips  not  deflected;  surface  transTNselj 

slriatetl. — ie  Siictrr, 

Cliazy  limcslone;  it  is  confined  to  that  horizon,  yet  widely  dis 
tribiiU'd-     New  York,  Canada,  Virginia,  (Tfiinesseu,  Kontucky. 


S.    ^OHM\iLS,pl.3,ftg.6. 

Maclurea  sordida  {Hull). 
Spire  scarcely  elfvatcil;  containing;  about  three  volutions; 
surface  smooth.  It  is  iiaunlly  hlioiit  oni;  inch  in  dianietiT.  It  is 
upon  Ibo  wfalhfreil  surl'aci:  thai  ihcj  become  known  lo  us.  and 
herein  exhibit  considerable  iliversily  of  form;  found  af  Cbazy 
in  the  calcifeiovis  s;uni-lone,  Bald  Mountain  and  Iloosic  Falls. 
an<l  in  the  same  rock  also  in  Wythe  county,  Virginia. 


Maclurea  m:itiitina  {Hail). 
lally  a  east,  but  somelimes  a  distinctly  striated  shell, 
;cr  than  the  foregoing. 
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S.  tJNiANGULATUS  {d^Orh). 

Enomphalus  uniangulus  {Hall), 
Upper  and  outer  edge  of  the  volution  angular;  rounded  below; 
surface  striated. 

S.  LEVATUSp/.  5,^^.  1. 

Ophileta  levata  {Vanuxem), 

Volutions  numerous;  thin,  and  without  an  expanded  mouth; 
angular  below;  surface  smooth.     Galciferous  sandstone* 

S.   COMPLANATUS,  pi.  b^  fig,  2* 

Ophileta  complanata  {Vanuxern). 

Volutions  numerous;  uniformly  thin  and  slender,  increasing  in 
diameter.     It  belongs  to  the  calciferous  sandstone. 

S.  LABiATUs  {Emmons)^  pi.  4y  fig.  2. 

Outer  volution  rapidly  widening  below  to  a  wide,  angular 
aperture;  surface  smooth.     Birdseye  limestone,  Chazy. 

S.   ANGULATUS   (n.  S.) 

Shell  discoid,  smooth;  upper  surface  of  the  outer  volution 
nearly  flat,  excepting  that  it  has  a  wide,  shallow  groove  travers- 
ing it  near  the  outer  edge,  forming,  with  the  oblique  inferior 
and  outer  face,  a  marginal  ridge.  Section  of  the  outer  volution, 
somewhat  triangular. 

Diameter  of  the  disc,  one  inch.  Upper  part  of  the  calciferous 
sandstone  at  Chazy,  N.  Y. 

2.  Shell  auriform^  spire  depressed, 

Stomatia. 
Suborbicular,  oblong,  auriform;   spire  drepressed;  aperture 
wide,  entire  and  oblique. 

S.  AURiFORMis  (d'Orb.). 

Capulus  auriformis  {JIaU)» 

Spire  scarcely  elevated;  whorls  about  three,  the  last  wide 
and  ventricose;  aperture  semilunar. — HaU.    Trenton  limestone. 
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3.  Turbinated, 
Tun  no. 
T.   BIUX, 

I'luciitoniarifl  bilix  {Conrad). 

Volutions  from  four  to  live,  larger  one  Iraversed  hy  fourteen  or 
fifteen  spiral  rlilges,  intersected  by  numerous  longitudinal  but 
oblique  striiE;  between  llie  three  or  four  first  ridges  therti  are 
one  or  two  low,  interrupte<l,  parallel  ones;  apex  iicute;  aperture 
triangular,  subtraris verse. 

Blue  limestone,  Cincinnati. 

T.  oiiLim'tis. 

PI.  b,/tg.  IS ;   18  a;   18  b;  8. 

Ilolopea  obliquus  {Hall). 

Height  and  breadth  nearly  equal;  spire  oblique,  acute  at  the 

Bpex;   volutions  three  or  four,  the  last  ventricose;    aperture  I 

transverse,  entire;  surface  smoolh  or  finely  striated. — Hail. 

T.  svMUKTiucus  {(I'Orb.). 

Ilolopea  Syiiiini'tricus  {llnl/). 

Height  rattier  greiiler  than  the  breadth;  apex  acute;  volutions 

four;    aperture   subroturul;    surface    longitudinally  slriated    by 

unequal  lines  of  growth.     Trenlon  and  blue  limestone. 

T.  VKNTIUCOMS. 

PI.  G,  fig.  19,  a,  b. 
The  volutions  swollen,  especially  tbe  last ;  beiglitb  and  breaJlh 
subequal;  volulinns  three. 

T.  AMKIIICANI?  {d'Oib.). 
PI.  G,fiq.  20. 
Ilolopea  paludinilurniis  {IMI). 
Spire  higher  than  wiilr;  volutions  four,  rounded,  full;    aper- 
ture, suhangular,  preserving  an  ovale  form;    casts  smooth,  In 
which  condition  i(  has  been  found. 
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4.  Shell  subturbinated;   volutions  angular, 

ScALiTES  {Conrad), 

Kaphistoma  {Hall). 
Shell  subturbinate;   spire  depressed;    \olutions  angulated; 
aperture  oval,  with  the  upper  and  transverse  margin  straight. 

S.    ANGULATUS,  p/.  4,  Jig.  21. 

Spire  low;  volutions  four,  and  angulated;  aperture  rather 
narrow,  triangular,  and  terminating  before  in  a  rather  long, 
curved  canal.  Occurs  in  the  calciferous  sandstone  at  Chazy, 
Clinton  county,  N.  Y. 

S.  STRIATUS,  pi.  4,  fig.  30. 

Raphistoma  striata  {Hall), 

Discoidal;  spire  only  slightly  elevated;  volutions  four  or  five; 
outer  margin  angulated;  surface  coarsely  and  obliquely  striated. 
Found  in  the  calciferous  sandstone,  Chazy. 

S.  PLANISTRU,  p/.  4yfig,  16,  17. 

Raphistoma  planistria  {Hull), 

Subturbinate  j  spire  formed  of  from  three  to  five  angular  volu- 
tions; surface  marked  by  distinct,  longitudinal  flat  striae,  and 
arched  in  the  middle  part  of  the  whorls;  aperture  narrow,  tri- 
gonal.    Calciferous  sandstone. 

S.  STAMiNEUs  {d^Orb.). 
Raphistoma  staminea  {Hall). 

Spire  depressed;  volution  externally  sharply  angulated,  and 
welted  upon  the  margin;  surface  marked  by  curved  striae  above 
and  below,  separated  by  the  sharp,  welted  edge. 

Calciferous  sandstone. 

5.  Shell  turrited;  rather  elevated;  aperture  subquadrate;  volutions 

rounded;  surface  striated, 
Pleurotomaria. 
Turbinated,  spiral;  aperture  subquadrate,  with  rounded  an- 
gles; outer  lip  with  a  deep  slit  near  its  union  with  the  spire. 
Sowerby. 


ISO  AMEUICk.V   UeOLOGV- 

p.  LE.sTicL'i.iiiis  [Conrad),  pi.  G,Jig,  13,  a.  b,. 

Shell  lenticular;  spire  depressed;  outer  volution  lliitttned 
above,  rounded  beneath,  and  its  two  surfaces  fonniiig  an  obtuse 
edge;  s<;c(ion  somewhat  triangular;  volutions  lour,  gradually 
enlarging;  umbillicus  rather  large;  surface  tnarkctl  by  Giiestriee, 
This  fossil  is  usually  obtained  in  the  coaditioii  of  a  cast  when 
it  la  smooth;  the  t<hcll  U  thin  ^nd  not  deeply  marked.  Common 
in  the  Trenton  limestone. 

P.  SOBCONICA  {lhUl),j>l.  n,fig.  9,  96. 

Spire  elerated,  and  terminating  in  an  acute  apex;  volutions 
4,  b;  only  slightly  convex  above;  last  carinated;  the  others  sub- 
carinatcd  near  the  outer  and  lower  edge;  beneath,  the  outer  vo 
lulion  is  convex  or  swollen,  and  marked  near  the  middle  by  a 
low  ridge;  surface  ornaaiented  by  siriffi,  which  are  refleied 
near  the  carina  and  intersected  by  longitudinal  ones,  which 
together  form  a  network  ol  lines,  or  a  cancellated  surfnce;  aper- 
ture subquadrale;  lieight  of  the  spire  one  and  a  quarter  iachcs. 
Trenton  liraehtone,  extending  up  into  the  Loraine  shales,  where 
it  Is  the  most  cojutuon. 

P.  quAiiiiiCAHiNArA. 

This  is  disciibfii  ;is  luiviiig  lour  tariiina  ujjon  the  last  whole, 
and  its  surluce  marked  with  zigzag  striiL'.     Birdseye  limestone, 

1'.    VEWUAKINATA  (iiu//). 

Spire  conical,  subacute,  ornamented  with  numerous  spiral 
ridges,  which  ure  ciossed  by  light  undulating  stria;;  volutions 
three  to  four;  umbillicus  none. 

P.    TUliCllDA. 

Height  and  breadth  subequal;  volutions  subangular;  the  Inst 
wlioil  iiillalLd.     (Jalciferous  sandstone. 

P.  UMitii.icATA,  pL  5,  g.  4,  a.  b. 

The  shell  is  di.scoiiiiil  or  very  much  depressed;  volutions  four; 
angular;  (huterioil  above;  convex  below;  suture  caniculaled; 
aperture  quadrangular;  uiubiilicus  large;  surface  marked  by 
waving  stria;.     Birdseje  and  Trenton  limestone. 
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P.  VARICOSA  (//a//). 

Volutions  four;  somewhat  angular;  ventricose;  surface  strongly 
striated.    Birdseye  limestone. 

P.  NODULOSA  {Hall). 

Is  described  by  Mr.  Hall  as  being  marked  by  nodulose  spiral 
ridges,  or  as  having  a  short  ascending  spire.  Birdseye  lime- 
stone. 

P.    ANTIQUATA  {HcUl). 

Large;  subconical;  wider  than  high.  A  cast  only  has  been 
observed  in  the  Chazy  limestone. 

P.   ROTULOIDESi  pL  6,  fig.  10. 

Volutions  about  four;  spire  depressed;  wide  again  as  high; 
outer  volution  concave  above;  convex  below;  margin  angular, 
subacute;  aperture  subquadrate;  umbilicus  small;  surface 
striated.    Resembles  the  P.  lenticularis. 

P.  INDENTA  {Hall)y  pi.  5,  fig.  5. 

Volutions  three;  spire  acute;  enlarging  rapidly  towards  the 
aperture;  aperture  angulated  or  subrotund;  surface  finely  striated. 
Trenton  and  Watertown,  N.  Y. 

P.   AMBIGUA,  pi.  5,  fig.  6. 

Volutions  about  four;  spire  subacute;  outer  volution  ventri- 
cose angulated;  height  and  width  nearly  equal. 

P.  UMBILICATA  {Holl),  pi.  6,  fig.  4,  a,  b. 

Shell  scarcely  discoidal;  spire  small  and  low;  outer  volution 
flattened  above  upon  the  back;  below  it  is  scarcely  convex; 
umbilicus  large.  The  angularity  of  the  outer  volution  and  the 
large  unbillicus  forms  its  most  striking  peculiarities.  Abundant 
at  Watertown  in  the  gray  Trenton  limestone. 

21 


midiUi!  uf  the  voluUim  omamn 
spiral  himd. 

MuKCHINSONiA. 

They  embrace  those  Pleurotomarias  ubose  hviglit  cxcc«4ls 
their  breaillh,  and  which  are  oriiaiiieuied  with  a  spiral  band 
unil  bfiit  >liiir. 

M.   VKNTRITO9A   {Hall). 

Tunelfil;  voliitioria  about  five,  swollen;  angulated  above; 
surface  stiiateil;  stiimbent  at  ihe  angleof  the  volution;  volutions 
taper  rather  rapidly  from  the  larger  one.  Birdseye  and  Trenlon 
limestones. 

M.  BiciNCTA  {Hall),  pi.  5,  fig.  8,  a,  b,  e,  and  11. 

Spire  rather  elongate;  subacute;  volutions  four  or  live;  an- 
gular; last  tricarinate;  surface  liuely  striated  and  bent  at  tbt 
carinse.     Trenton  liiueslone. 

M,   rmANGDLATUB  {Hall). 

Spire  elongated;  vohitions  about  five  angular;  asmglesplral 
ridge  nrniunonts  llie  ^liell,  which  is  also  Iravcrscd  by  fine  lon- 
gitudln:il  IJTies. 

.M.  i^Kr.i,i.iNcT.\,  /(/.  5,  Jig.  1  nit./  16  and  l"^. 
Elongated,  acute,  formed  of  about  five  or  six  volutions;  sec- 
tion of  Ihe  volutions  rounded  convex;  shell  ornameiiled  liy  a 
(lilt  spiral  banii  placLi!  in  the  ceulre,  and  traversed  longitudi- 
nally by  zi;;za^  siriin,  which  arc  anEtulalid  at  the  sjiiral  band. 
Usually  in  ca-ils  and  common  in  Trenton  liine.-.tonc  in  Jelierson 
,.,„„lj,  N.  V. 

M.    liHACTI.iS. 

Narrow;  very  rjiuch  elongated;  volutions  six  or  more;  apex 
acute;  iho  shell  is  ornamented  by  an  obtuse  carina,  of  which  no 
marks  are  Iclt  in  ihecnst- 

M.  ABiiREviAT.\  {Hall),  pi.  i,Jig.  y  and  13  and  pi.  4,  fig.  11. 

The  shell   is  marked  by  sharp   angles,  between  which  the 

surface  is  convex  and  stiiated.     Karc  in  the  Birdseye  limestone. 
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7,  Spire  much   elongated;   acute;  surface  covered  with  longi^ 
ludinal  threads;  aperture  prolonged  before, 

LuXONEMA. 

Spiral;  turriculated;  whorls  convex;  upper  edge  adpressed 
against  the  next  above;  without  a  spiral  band;  n)outh  oblong; 
attenuated  above,  effused  below,  and  with  a  sigmoid  edge  to  the 
right  lip;  no  umbilicus  (?);  surface  covered  by  longitudinal 
threads  or  ridges  generally  arched. — Phillips* 

L.  suBFUsiFORMis  (d'Orft.). 
Murchinsonia  subfusiformis  {Hall). 
Subfusiform;  spire  elongated;  volutions  about  four  or  five; 
outer  lip  prolonged  below;  the  casts  are  all  compressed.  It 
is  five  or  six  inches  high;  greatest  breadth  of  the  lower  whorl 
about  one  and  a  half  inches.  The  peculiar  longitudinal  threads 
of  the  Loxonema  have  not  been  observed,  as  the  species  has 
been  found  only  in  casts,  but  the  form  of  the  lip  and  aperture 
are  those  of  the  Loxonema.    Trenton  limestone. 

L.  suBELONGATA  (d'Orft.),  pi.  6,  fig,  20 
Subulites  elongata  {Conrad). 
Spire  high  or  elongated;  apex  acute;  volutions  about  five; 
surface  fiat,  or  only  slightly  convex;  aperture  narrow;  its  exact 
form  remains  undetermined;  it  is  nearly  three  inches  long,  and 
scarcely  half  an  inch  wide.  It  is  distinguished  by  its  gre&t 
height  and  narrow  and  flat  volutions.     Trenton  limestone. 

L.    VITTATA. 

Elongated;  subfusiform;  subacute;  volutions  four  or  five;  ra-* 
ther  more  convex  than  the  foregoing;  aperture  elongated. 
Trenton  limestone. 

Analysis  of  the  Scutibranchtatay  belonging  to  the  lower  Silu- 
rian: 

1.  Shell  patelliform  or  depressedi  apex  turned  forward. 
Helcion. 

2.  Shell  convolute  subglobose  or  discoidal,  and  ornamented 
with  a  dorsal  band.     Bellerophon. 
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3.  Convolutions  contiguous  or  disjointed  ;<larsum  without  tbe 
band.      Cyrloliles. 

I.  HEI.CIOS  {Mont/ort). 

C&rinaropsis.    Metoptoma  {Hall). 

H.  subrugosa  {d'Orb.). 

Metoptoma  rugosa  {Jlall). 

Patelliform,  moiitli  dliptical,  sides  nearly  parallel,  apex  acute 

and  directed  rorwari). 

H,  TATELLIFORMIS   {d'Orb.). 

PI  6,^.  1. 
Carinaropsis  pstelliformis  ( J/n//). 
Patellifortn,  mouth  wide  and  oval,  apex  acute,  incurved  com- 
pressed towards  tiieback,  forming  rather  an  obtuse  carina  which 
terminates  In  an  incurved  apex. 

H.  OH8ICUL1T0S  {d'Orb.). 

Carinaropsis  orbiculatus  (Hall). 
Form  approaching  that  ol"  an  orbicuhi,  with  an  acute  sub- 
central  apex,  finely  striated  concentrically, 

2.  Shell  convolute,    subglobijorm  or  diicoidal  and  omamenled 
vith  a  dorsal  band. 
Bei.lkrophon. 
Shell  convolute,  svmmctriciil,  and  ornamented  with  a  single 
or  double  dorsal  band. 

B.  iixPANSLK  {d'Orb.). 
Bucania  expansa  {Hall). 
PL  6,/g.  7. 
Volutions  about  lour,  Xhn  la.'-t  expanding  rapidly  into  a  wide 
everted  semicircular  moufli,  obtusely  carinated   upon  the  back; 
surface  of  contact  with  the  inner  volution  concave;  section  some- 
what pentangular.     IVenton  limestone,  Watertown,  N.  Y. 
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B.  BIDORSATUS  (d'Orft.). 

Bucania  bidorsata  {Hall). 

PL  6,  Jig.  8-27. 

Volutions  about  three,  outer  one  expanding  abruptly  near  the 
wide  everted  aperture;  dorsal  carina  grooved  on  each  side  of  a 
narrow  sharp  ridge;  surface  ornamented  with  striae,  which  are 
arched  upon  the  back;  aperture  twice  as  wide  as  high;  urabili* 
cus  deep.     Trenton  limestone,  MiddlevilJe,  Watertown,  N.  Y. 

B.  suLCATiNus  {Emmons). 
Bucania  sulcatinus  {Hall). 

PL  4y  fig.  4. 

Sides  angulated;  aperture  round  oval;  surface  ornamented 
by  undulating,  longitudinal  and  transverse  lines,  the  latter 
meet  upon  the  back,  forming  with  each  other  an  obtuse  angle* 
Chazy  limestone,  Clinton  county,  N,  Y. 

B.  PUNCTtFRONs  {EmmoTis). 

Pi'  ^^3 fig'  Hand  12. 
Bucania  punctifrons  {Hall). 

Shell  small;  volutions  about  three,  enlarging  gradually; 
outer,  rounded  or  obtuse,  back  broadly  rounded,  covered  with 
superficial  lozenge  shaped  punctures;  carinal  band  narrow  and 
sharp;  umbilicus  deep.  The  direction  of  the  obscure  oblique 
undulations,  or  lines  of  growth,  indicate  the  existence  of  a  dor- 
sal sinus,  of  the  form  of  that  belonging  to  the  Cyrtolites  bilobus. 
Trenton  limestone. 

B.  R0TUNDATU8  {d^Ofb.). 

Bucania  rotundata  {Hall). 

General  form  rounded;  outer  whorl  expanding  towards  the 
mouth,  angular  at  the  sides;  surface  transversely  striated.  The 
surface  markings  distinguish  it  from  the  Sulcatinus. 


B.INTESTfS. 

Dorsnl  band  narrow  and  sharp;  surlace  ornanieQted  by  inter- 
secting  siriE,  ot  which  the  longitudinal  ones  are  rather  strong; 
rolutioiis  roumieiJ.  Trenton  limestone,  near  Watertown,  Jeff, 
county,  N.  Y. 

B.  CAXCELLATCS. 

The  outer  whorl  expanded,  forrainfr  two  lobes,  between 
which  there  is  a  dorsal  sinus;  surTate  striated  or  uanceUaled  by 
fine  slriiE.     Loraine  shales. 

B.  KUGOsus  (n.  s,). 
j..__  ^_  Voluiions  about  three,  larger  angulaled 

stiH  the  larfrer  part  covered  with  stris, 
sharply  arched  upon  the  wide,  dorsal, 
I  grooved  band  iit  tho  curve,  both  the  strie 
and  band  arediscontinued  and  replaced  by 
rather  distiinl  wavinj;  lim-s;  aperture  un- 
determined. (Rare.)  Loraine  shales  and 
sandstone,  Loraine,  Jefferson  county,  N  Y.     I 


3.    VoiuHons  tu(,//^>-,,,„,..t  or  dhjoii.tcd;   dorsum  nJ'Un 

smooth,  or 

onlij  marktd    bi/ rid'j;i-s  i»   a  supcijtci'il  ihii'X;    no 

finHnuoiji 

dorml  band. 

11.   C'Yii(ui.iT).s  {C.un-ud). 

This  genus  is  rcstricied  by  d'Orbiny  to  those  shells 

which  are 

destitute  of  adorsiil  l>arid,  or  have  a  shallow  marginid  ; 

.inusonly. 

C.     HlLOIiATL'S    {d'Olb.). 

PL  6,  fig  2. 
Rotund  and  transversely  flattened;  heiiiht  and  breadth  sub- 
equal;  mouth  large;  bilobt-d,  laintly  striated.  Trejiton  lime- 
stone, J-or;iinc  sIjuIcs.  Often  transversely  corrugated  upon  the 
back  in  old  shells;  but  whi^jh  in  the  Loraine  sh.iles  is  never 
marked  in  this  way. 


P/.  6,  figs.  4,5. 
The  shell   is  comprcssid  so  as  to  form  an  acute  angle  upon 
the  back;  surface  rllark^■d  with  line  stria'. 
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C.   SUBCAUINATUS  (d'0r6.). 

PL  6,  figs.  25,  26. 

Somewhat  patelliform;  compressed  or  subangular  towards 
the  base;  apex  incurved;  mouth  widely  expanded.  Trenton 
limestone. 

C.   COMPRESSUS,  p/.  12,  fig.  10,  h. 

Discoidal;  volutions  slightly  compressed  and  also  slightly 
disjointed;  sides  rounded;  back  sharply  carinated;  surface  orna- 
mented by  sharp  zigzag  lamellse,  which  only  penetrate  through 
the  shell.     Trenton  limestone. 

C.   TRENTONENSIS  {Conrud)^  pi.  ^jfig'  22. 

Arcuate;  curvature  somewhat  variable,  sometimes  it  forms  a 
short  curve,  in  others  nearly  a  circle,  as  in  the  annexed  fig.  38: 
Section  triangular;  aperture  slightly  compressed, 
and  transversffly  striated,  and  with  a  shallow  sinus 
upon  the  dorsal  margin.  The  shell  of  this  species 
is  quite  thick,  and  the  constriction  is  just  below  the 
aperture. 

PORCELIA  ORNATA,  p/.  V^ 9  fig'  2. 

Cyrtolites  ornata  {Conrad). 

Shell  thick,  consisting  of  two  or  three  whorls  wholly  exposed 
and  increasing  rapidly  in  size;  whorls  sharply  carinated;  orna- 
mented on  each  side  with  a  row  of  twelve  or  fifteen  ribs,  which 
extend  from  the  keel 'to  the  lateral  angle;  back  crossed  by 
elevated  rows  of  tuberculated  lines  arranged  nearly  at  right  angles 
to  the  keel;  aperture  irregularly  quadrangular. 

C.  FILOSUM  {Conrad)^  pi.  I2yfig.  4. 

Shell  tapering  gently  to  a  point;  volution  a  semicircular  arch; 
surface  finely  and  thickly  striated;  striae  arched  upon  the  back; 
section  circular.    Trenton  limestone  (rare). 
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ACSPHALA. 

In  thia  class  ihe  head  is  wanting,  it  is  also  dustitute  of  the 
organs  of  vision  and  of  hearing.  The  mouth  is  unfurnisheJ 
with  teeth,  but  is  supplied  with  fleshy  Npa  and  tenlaculae 
which  occupy  the  middle  of  tlic  large  mantle.  Their  shell  or 
habitation  consists  of  two  valves.  The  mouih  and  the  anal 
orifice  being  bolh  upon  the  same  plane  but  at  Ihe  opposite 
extremities,  the  valve  is  naturally  unsymmetrical,  or  in  other 
words,  is  inequilateral:  ciaius  and  oysters  belong  to  this  divi- 
sion of  the  Molusca 

As  a  reference  to  the  parts  of  ihe  shell  is  conslantljr  occur- 
ring, it  will  be  convenient  to  exhibit  in  this  place  the  position 
of  certain  parts  of  it,  which  are  more  or  less  employed  in  Ibc 
description  and  determination  of  species. 

This  figure,  from  Sowerby's  Conchological  Manual,  exhibits 


^.r..,/  ,  , 


the  parts  and  measurements  of  a  common  bivalve  shell.  Tiie 
length  is  mt'asured  from  the  anterior  a  to  p,  the  posterior  side. 
The  height  is  measured  fiom  the  umboncs,  u,  to  the  ventral 
margin.  The  umboncs  turn  to  the  anterior  part  of  the  .sliell. 
In  fig.  A,  br  br  is  the  breadth  measured  through  the  umbones;  lig. 


ACEPHALA.  169 

the  ligament  on  the  posterior  side;  ap,  the  length.  Shells  of 
this  division  of  Acephala  are  supposed  to  be  placed  upon  the 
ventral  margin,  as  it  is  here,  the  foot  protrudes  upon  which  the 
animal  moves;  and  hence,  a  being  the  anterior  part  of  the 
shell,  the  valve  on  the  right  hand  side  of  the  observer  is  the 
righty  and  the  opposite  the  left  valve.  The  Acephala  are 
divided  into  three  orders.  In  the  first  the  valves  are  right  and 
left,  and  the  internal  impression  of  the  mantle  called  the 
palleal  impression  has  a  sinus  at  the  posterior  part  or  region. 
The  clam,  Venus,  belongs  to  the  order. 

The  second  division  embraces  those  bivalves  whose  palleal 
impression  is  entire,  and  in  both  orders  there  are  from  two  to 
four  muscular  impressions.  The  fresh  water  clam,  Unio,  and 
the  mytilus  belong  to  the  second  order. 

The  third  order  comprises  the  shells  which  are  wholly 
unsymmetrical  and  irregular,  and  which  lie  upon  the  side,  as 
the  oyster.  The  muscular  impressions  upon  the  interior  of  the 
valves  are  strongly  marked,  and  are  one  or  two,  and  that  of  the 
palleal  impression  is  entire. 


LAMELLIBRANCHIATA. 

1.  Palleal  impression  with  a  Sinus, 

Ltonsia  (  Turton). 

Modiolopsis  and  Tellinomya  {Hall). 

Shell  thin,  long,  oval  or  wedgeform;  palleal  sinus  triangular; 
ligament  internal. 

22 
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L.N*Sl-TA,i./.  17,  fig.  4. 
Tellinoraya  nasuta  {Hall), 

Shell  thin,  transversely  ex- 
tenilnl,  intqui lateral,  anterior 
extremity  rountled,  narrow  and 
more  compressed  than  the  pos- 
terior, base  with  a  shallow 
sinus,  umbones  rather  prominent 
and  rouDcied,  surface  marked  by 
fine  concentric  lines.  Trenton 
limeBlone,  Middleville. 

L.  aiBBOSi. 

PL  14,  fig.  3. 

Tellinoraja  glbbosa  {Halt). 

Shell  thin,  transversely  extended;  the  proportion  of  height  to 

tebgth  as  S  to  3;  prominent  and  thickened  at  Ihe    umbones, 

stnus  of  the  base  (juilc  shallow.     Trenton  limestone. 

L,  m-BU,]>l.  \4.Jlg.  7,8,  12,  1.3. 
Shi'Il  thin,  small,  ine(]Qilat<:ral;  t'Strcinitics  subeqiiai,  rounded, 
posterior  narrow,  umbones  subcpntral  and  ralher  thick.      Com- 
mon at  Loraint',  Walcrtown,  Mldilleville,  in  the  Trenton  lime- 
stone. 

L.  ANlTLMFOLiMrs, 

Shell  thin,  ineqniialeral;  extremities  rounded,  anterior  nar- 
rower than  ihe  posterior;  ihe  laJter  subtrunuale,  oblique  and 
shallow  ileprt-ssion  on  each  side  of  llie  umbones,  Trenton 
limeslone. 

1„  S,\^Ul:|^OI.AKnU)RA,  pi.   14,Jlg.  2. 

Shell  thin,  Irnnsvcrse,  rather  ovate,  |iosterior  extremity  much 
narrower  than  the  other. 

L.  Tremonesms. 
Modiolopsis  Trcntonensis,  pi.  14. Jig.  4{Ha!l). 
Shtll   thin,    equivalve  wide    i)ostcrLorIy,   angle  line    nearly 
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straight  from  the  umbones  to  one  half  the  distance  towards  the 
posterior  extremity;  surface  marked  by  fine  concentric  lines. 
The  shell  is  rather  thick  and  cylindrical  near  the  anterior 
extremity.     Trenton  limestone. 

L.  SUBSPATULATCrS. 

Modiolopsis  subspatulatus. 

This  species  is  distinguished  by  the  broad  expanded  posterior 
extremity,  the  anterior  being  narrowed  and  truncate.  Souths 
western  Virginia,  northern  New  York. 

L.  suBMODioLARis  ((i'0r6.). 

PL  il.fig.  8. 

Modiolopsis  modiolaris  {Hall). 

Shell  thin,  equivalve  inequilateral  nearly  oval,  wide  and  ex** 
panded  posteriorly,  rounded  and  narrowed,  anteriorly  rounded^ 
about  twice  as  wide  as  high;  surface  marked  by  fine  concentric 
lines  of  growth.     Southwestern  Virginia,  Loraiue  shales. 

L.  suBTRUNCATA,  p/.  V7 ^  fig.  4  (d'0r6.). 

Modiolopsis  truncatus(£/'a//). 

Shell  trapezoidal  oblique,  convex  breadth  one-fourth  greater 
than  the  height:  beaks  near  the  anterior  extremity  which  has 
the  muscular  impression.    Loraine,  southwestern  Virginia. 

L.  cuRTA  {Conrad). 
Modiolopsis  curta. 

Shell  orbicular,  transverse,  breadth  about  one-fourth  greater 
than  the  length,  convex  and  base  circular;  undulations  of  the 
surface  distinct^  but  not  numerous.  Loraine,  southwestern 
Virginia. 

L.  ANAD0NT0IDB8,  p/.   17,  fig.  14. 

Cypricardites  Sinuata  {EmmoTis). 

Cypricardites  anadontoides  {Conrad). 

Shell  long,  oval  or  subellipcical  convex;  basal  line  parallel 
or  nearly  so  with   the  hinge  line;    sides  rounded,   posterior 


Modiolopsis  terminal  is. 
This  species  diSers  from  the  nasutus  by  the  position  of  Ihe 
beslcs,  which  are  terminal,  and  a  greater  proportional  letigth. 

L.  Nl'CULIFDBMIS. 

Shell  small,  subelliplic  or  subtrapezoidal,  transverse  extremi- 
ties subacute,  beaks  elevated,  basal  margin  with  a  shallow 
sinus,  concentric  lines  d 


L.  MBi.pi.  14,  Jig.  14,16. 

Modiolopsis  faba  (Halt). 

Shell  small,  subelliptical,  constiicted  near  the  beak;  umbona 

high  and  rather  narrow,  but  the  posterior  side  expands;  margin 

is  rounded;  surface  marked  by  fine  concentric  lines,  and  a  few 
oblique  ones  wliicii  run  from  ihe  beak  to  the  margin.  Trenton 
limestone,  Jefferson  county,  Midilleville. 

Periploma. 

p.    PL  AN  UL  AT  A. 

PI.  VI,  fig.  17. 

Cleidopborus  planulnlus  (//a//). 

Shell  small,  thin,  convex,  long,  eliiplical;  extremities  rounded: 

anterior  marked  hy  a  slight  groove  in  fnmt  oT  the  beak,  which 

extends  half  way  to  the  base,     Loraine  shales,  near  the  bottom. 

Leda  {Schumacher). 
Shell  oval  and  prolonseil    into  a  rostrum,  or   becomes  sub- 
rostrated,   and   anteriorly  valves    closed.      Leda    resembles  the 
Nucula  in  its  general  form. 
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L.    LEVAT*  (d'Orb.), 

PI.  U,fig.  10. 
Nucula  levata  {HaU). 
Small;  the  general  rorm  isoval,  but  in  this  respect  it  is  vBri- 
able;  umbones  wide  or  thick-,  beak  incurred;  subrostrated. 

L.   FULCHELLA. 

Lyrodesma  pulchella  (Conrad). 
Shell  small,  thin,  nearly  round,  and  rather  angulated;  ex- 
tremities rounded;  hinge  line  curved,  and  bearing  about  twelve 
or  thirteen  teeth;  surface  marked  by  fine  concentric  strie. 

L.    PLANA. 

Lyrodesma  plana  {Conrad), 
Shell  subrhomboidal,  compressed;  posterior  basal;   margin 
rectilinear;  extremity  rounded;  posterior  margin  truncated. 

Orthonota  {Conrad). 
Resemble  in  their  exterior  form  the  Solemya.  Upon  the 
cardinal  side  the  shells  have  teeth  and  oblique  wrinkles  or 
plaits  analagous  to  those  seen  in  the  genus  Leda.  The  Ortho- 
nota  undulata,  fig.  41,  is  the  type  of  the  genus,  but  belongs  to 
the  Devonian  system. 

Pig.  41. 


0.   PARALLGLA. 

PI.  i3,Jig.  14. 

Shell  extremely  elongated,  and  very  narrow;   anterior  eX' 

treroity  rounded,  and  contracted  just  forward  of  the  beaks; 

cardinal  margin  straight  or  gently  arched;  posterior  extremity 

rounded  and  broader  than  the  anterior;  local  margin  slightly 
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BrcuBle;  beaks  near  Ihe  anterior  extremity;  having  an  obscure 
carina;  surface  markwf  by  fine  concentric  striEe,  and  a  few  strong 
oblique  wrinkles  along  the  dorsal  ridge. — Hall,  p.  299,  Pal. 
Rep. 

0.  PHOLADis  (Conrad), 
Is  narrow,  and  niiirked  by  short  undulations  near  the  dorsal 
margiD. 

Is  expanded  posteriorly,  and  constricted  or  sinuate  upon  the 
dorsal  line. 

Cypbicardia.  

0.   AMERICANA,    ■pi.  Uy  fig,   11    (rf'Orfi.). 

Modiolopsis  carinala  (Hull), 
Shell  rather  small,  in  the  form  of  a  truncate  ellipse;  it  is 
traversed  by  a  sharp  ridge,  which  extends  from  the  beak  to  the 
base,  and  by  a  depression  which  lorms  a  sinus  upon  ihe  base, 
giving  it  the  appearance  of  being  constricted;  posteriorly  it  is 
truncate;  surface  marked  by  concentric  lines  of  crowth.  Tren- 
ton limestone. 

C.    SUi!Ti:C"NCATA. 

Kdmoiidia  sublrunciita,  pi.  iS,  fig.  2. 
Shell  broaiily  oval;  convex;  margins  rounded;  rather  flattened 
on   the  posterior  slope;    a  brond  ridge  leads  from  the  beak  to 
the  base;  casts  show  a  tew  concentric  undulations. 

CAKIIlOMORrHA. 

Contains  tho.se  Isocardias  which  arc  without  teeth  upon  the 
hinge. 

C    VE>TBICOSA  ((/'Or/f.). 

/'/.  14,  fig.  6,  6. 
Edmnndla  venlricosa. 
Broadly  ovate;  umboncs  thick  and  ]>rominentj  abruptly  cune- 
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C.    POSTSTRIATA. 
PI.  11 J  Jig.  22. 

Nucula  poststriata  {Hall), 

Somewhat  quadrangular,  and  traversed  by  a  ridge  running 
from  the  beak  to  the  base;  posterior  slope  striated.  Loraine 
shales. 

AVICULA. 

A.  DEMissA,p/.  13, ^g.  10  {Conrad). 

Shell  quadrate,  convex;  wings  extended  as  wide  as  the  base; 
umbo  rather  flat;  surface  marked  by  numerous  concentric  lines. 
Characterizes  the  Loraine  shales,  and  is  found  in  south-western 
Virginia. 

A.    SUBELLIPTICA. 

Avicula  elliptica,  p/.  ISyJig-  27. 

Shell  subelliptical;  anterior  extremity  compressed;  umbones 
small;  posterior  wing  triangular.  The  foregoing  comprise  the 
most  important  characters,  as  given  by  Mr.  Hall.  Being  only  a 
cast,  it  is  indistinctly  characterized.     Trenton  limestone. 

A.  iNsuETA,p/.  17 f  fig.  15  {Conrad). 

Shell  rhomboidal,  depressed;  anterior  wing  short;  posterior 
extended  and  acute;  surface  marked  by  unequal,  radiating  and 
concentric,  or  transverse  lines.  It  is  found  in  the  lower  part  of 
the  Loraine  shales  (rare). 

A.   CARINATA. 

Pterina  carinatap/.  17,  fig.  23  {Conrad). 
Ambonychia  radiata  {Hall). 

Shell  ovate,  extended  into  narrow  beaks,  and  not  very  con- 
vex; wing  obscure;  surface  marked  with  strong  radiating  striae; 
or  rather  with  flat  simple  plaits;  concentric  undulations  distant 

This  species  is  widely  extended,  being  found  in  northern  New 
York,  Canada,  in  Ohio,  and  southwestern  Virginia.  It  is  con- 
fined to  the  Loraine  shales,  and  is  the  most  characteristic  fossil 
of  the  upper  part  of  the  Lower  Silurian  qrstem. 
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A.  THENTOSKSaiS  {CojiTad). 
PL  13,  fig.  28,  29,30. 
Broadly  oval,  acd  wide  at  base;  wing  grtatly  extendM); 
sinuous  upoD  its  lower  margin;  antecior  wing  imall;  surface 
orQamented  with  longitudinal  lines,  wliicb  are  alternately  light 
and  strong,  concentric  lines  in  their  inttirseclion  wilh  them  pro- 
duce an  elevation,  giving  the  surface  a  cancellated  appearance. 
Trenton  limestone.  Middleville  and  Walertown. 

A.    9CBARCLATA    {d'Ork). 

Modiolopsis  arcuatus  [llali). 
Shell,  disregarding  the  wing,  ovate,  end  acute  at  the  beak, 
wilh  a  proporlionably  wide  base,  which  is  produced  in  part  by 
poslerior  expansion;  below  the  wing  there  is  a  shallow  sinus, 
as  usual  in  this  genus;  surface  marked  by  undulations;  aodihe 
anterior  slope  has  obsolete  longitudinal  lines.  The  wing  of  this 
species  is  very  large  in  proportion  to  Ihe  body  of  the  shell. 
The  undulationa  reseoible  ihose  upon  the  Posidonomya  undaU. 

PosiuoNOMVA  {Bron7t). 

P.    BELLlSTltlATA. 

PI.  yi,  Jig.  b,  6. 

Auibonychia  bellistriata  {Hall). 

Shell   long,  ovate;    length    twice   as  great  as  the    breadlh; 

convex;  beaks  narrow,  elevated,  exteruii'd,  incurved;   hinge  line 

straight,  oblique;  surface  ornamented  by  distinct  radiating  stris, 

Trenlon  limestone. 

P.    oRHiuuc.ABis  {d'Orb.'). 

I'l.  njig.  18,  19.20. 

Auiborijciiia  orbicularis  {Hall). 

Shell    broadly  ovate,    rcijularly  convex;    expanded    behind 

like  au  avicula;    becoints  tiurrow  towards  the  beak,   which  is 

rather  incurved;  cardinal  line  straight;  surface  ornamented    by 

rather  waved  longitudinal  lines,  and  crossed  by  lighter  or  fainter 
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transverse  ones;  near  the  beak  the  portions  of  the  shell  show 
dotted  radiating  lines.  The  cast  is  the  form  in  which  it  is 
usually  found;  it  is  marked  by  wrinkles  around  the  beak. 
Trenton  limestone,  Middleville. 

P.   SUBUNDATA. 

PL  13,  fig.  23, 25. 

Ambonychia  undata  {Hall). 

Shell  ovate,  subquadrate;  acute  at  the  beak,  with  a  broad 
base;  length  one-fourth  greater  than  the  breadth;  convex;  sur- 
face marked  by  broad  concentric  undulations,  and  with  faint 
longitudinal  grooves;  some  specimens  have  a  line  extending 
from  the  beak  to  the  base;  undulations  rather  irregular,  both 
in  height  and  distance;  surface  of  the  shell  smooth. 

P.  AMYGDALINA. 

PL  13,  ^gr.  20,21. 

Ambonychia  amygdalina  {Hall). 

Shell  long,  oval;  nearly  twice  as  long  as  wide;  regularly 
convex;  base  and  anterior  margin  rounded;  umbones  elongated; 
surface  of  the  cast  smooth,  and  with  a  few  obscure  undulations. 

P.  OBTUSA  (d'Ori.). 

Ambonychia  obtusa  {Hall). 

General  form  very  much  as  in  the  preceding  species;  but  is 
described  by  Mr.  Hall  as  shorter,  straighter  and  more  obtuse 
towards  the  beak,  with  scarcely  any  incurvation. 

23 
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BlIACIUOrODA  OR  PALLIOHRASCUIATA. 
^  23.  In  many  respects  (he  Brachiopodn  are  the  most  iittertsl- 
ing  of  f.ll  ihe  ordel-s  which  belong  lo  the  subkingdom  Molusca. 
Tbty  are  the  oldt-st  palfeostoa  of  the  ^iobe;  anil  being  mosi 
abundaiitly  dislributed  and  varied  in  form  and  clothc-il  wiili  more 
beauty  and  elegance,  they  have  btcome  the  most  attractive  oo- 
jects  of  Rliidy  with  the  palaioniologigi.  They  re^iresent  the 
murine  fauna  of  Ihe  earliest  perioijs  of  iLe  earth's  hi&lory,  aod 
a»  they  Klill  exist,  connect  the  past  with  the  present,  having 
Burvivfd  all  the  changes  which  ihe  globe  has  undergone.  Their 
curious  structiiie  has  deeply  interested  the  zoologist,  anil  he  has 
sought  in  the  slill  living  represenlatives  of  this  ancient  onler, 
8D  interpretation  ot  ibe  curious  inward  organization  which, 
iDBny  of  them  still  retain  in  the  fossilized  state.  It  iasiB| 
that  animals  so  small  as  ihe  Brnchiopoda  are,  should  be  prorifT* 

soft,  Sfli>itivi>  pails.  \\\:  ,sfu  in  lliuir  i:ilrilJui  ^|iir;il  ;L]i|iai:i!i 
an  immtiiiic  dtviloprinrit  of  haul  inalter,  di^propdrlionatc, 
wouhl  SL'fju,  to  tiie  M)II,  KeiJMlive  subilancu  jii-t  alluded  lo, 
which  the  vilal  lundions  uni=t  t,>iilf. 
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^  25.  In  tliis  order  we  find  a  peculiarity  in  Ihetr  attiichment 
or  mode  by  which  they  are  atlixed  lo  other  bodies. 
Most  bf  them,  for  example,  are  provided  with  a 
fleshy  process  or  peduncle,  which  proceeds  from 
their  internal  hard  parts,  and  which  is  attBched 
to  other  bodies  for  support,  as  represented  in  the 
annexed   fig.  42.      It  is  a  representation  of  the 
Terebratula,  and  in  other  genera,  as  in  this,  an  ori- 
fice may  be  found,  through  which  a  .similar  organ 
proceeded  for  the  fulfillment  of  a  like  function. 
^  26.  In  the  internal  parts,  also,  this  order 
has  another  arrangement,  which  is  common 
to  the  order.     It  is  in  the  exis'enee  of  the 
organs  called  the  arms,  which,  when  at  rest, 
are  coiled  up  compactly  within  its  shell,  but 
which  might  be  uncoiled  and  exposed  at  the 
will  of  the  animal,  as  in  fig.  43. 


§27.  The  mouth  is  not  furnished  with  teeth;  hence,  it  was 
not  adapted  to  mastication,  and  hence,  too,  their  food  must  con- 
sist of  minute  particles  of  organic  matter  floating  in  the  mens- 
truum in  which  they  lived  ornow  live,  and  which  may  be  brought 
to  the  oral  orifice  by  means  of  the  ciliary  movements  which 
the  arms  themselves  are  fitted  to  produce. 

Ij  2S.  The  Brachiopoda  preserve  not  only  their  distinctive  type 
in  the  arrangement  of  the  organization  of  the  more  vital  parts, 
but  also  very  clearly  exists  in  the  structure  of  tlie  shells.  Prof. 
Carpenter  has  shown  that  in  this  respect  the  minute  structure  of 
their  habitations  differs  essentially  from  the  Lamellibranchiata 
or  Gasteropoda.  It  is  so  characteristic  that  even  the  smallest 
piirtiule  of  the  shell  of  a  Brachiopoda  can  be  distinguished  by 
aid  of  the  microscope  from  tlic  shells  of  Other  classes-  It  shows 
that  they  worked  on  another  plan,  or  followed  another  model 
in  the  construction  of  their  dwellings.  This  structure  can  not 
always  be  made  available  to  the  palseootologist  or  zoologist, on 
account  of  the  molecular  changes  which  the  shell  has  undergone. 
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^  29.  The  compONiiioD  of  the  shell  is  also  iltflereat  i 
family  from  those  which  have  be^n  already  described.  Tfaen 
is  more  inorganic  inatler  in  tliem,  lor  when  subtoitted  to  tht 
aclioii  ufaciilR,  and  chemical  tests,  it  is  found  to  consist  mosll] 
of  carbonate  of  lime.  This  fuel  goes  to  prove  that  as  a  cjast 
their  rank  is  lower  than  the  Gasteropoda,  whose  shells  conltii 
less  inorganic  matter. 

fj  30.  The  position  of  the  muscular  sjstiin,  or  that  coac&ae^ 
in  the  i^pentng  and  closin<T  of  the  valves,  is  worthy  of  a  passing 
notice-  In  tbe  oyster  ami  pt-clen,  tb^re  U  one  \&r^e  subcentral 
muscular  impression;  in  iht?  clam  and  its  allied  genera,  there 
are  two,  situated  at  the  exireiiit-ties  of  the  shell.  In  the  Bra- 
chiopoda,  with  the  exception  of  two  or  three  genera,  tha 
muscles  are  arranged  just  within  the  beaks  of  the  shell,  and  it  is 
here  that  palieontoioqisls  find  tbe  most  important  characters  for 
the  determination  of  the-geaera. 

As  the  Brachiopoda  have  been  worked  out  in  greater  detail 
than  any  of  the  preceding  classes,  I  propose  to  place  betitfe 

visions  as  iiropn^cJ  liy  (iisuii[;iiis!]ei!  EuriijH'aii  pahi-ontnlogists,* 
^31.  AccoKiinr;  ti.  the  bust  aulborilv,  i\w  Biui  iirorou.i  are 
subdivided  into  Itii  l,iiniliL'>-.  ami  (our  siibfiimilifs.  Tbe  first 
embraces  theTicminiiAiUi.iD.K.  The  beak  of  the  lini^iT  valvt  is 
perforated,  the  smallfr  or  dorsal  valve  is  supplied  with  a  looj> 
or  calcified  process  fur  the  sii|iporL  of  the  oral  appendages 
Fig.  42  shows  the  perforation  and  hioiIl-  of  attachment  of  the 
family  as  has  bewi  staled.  \o  mciubcr  of  this  lamily  U 
nltcr  the  Siiiiriiin  perioil. 
uuKF'HAi.rDAi:.  The  lahial  appendage) 
}i»iltd  bv  iiii  eMeniied  cin-.ilar  caici' 
Ibr  iiiiiiiial  iniiif^iii  ot  which  iiuraC' 
ih.Lr.ilr,.  ni  Ihu  shell  which  is  als. 
lihiiJi.      'I  he  fiiLiiily  is  fonfuied  to  thi 
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SpmiKERID^. 
In  this  family  the  animal  is  supposed  to  have  been  free,  that 
is,  not  attached  by  a  fleshy  peduncle  to  other  bodies;  the  oraL 
appendages  were  largely  developed  aod   were  sup[)orted  by 

Fis.  44. 


spirally  rolled  lamella.     Its  five  genera  which  are  embraced  in 
this  family  are  arranged  in  two  subsections. 

Genus  Spibefer.  Shell  in  its  normal  shape  has  an  elonga- 
ted trigonal  form,  inequivalve  with  or  without  a  mesial  fold. 
Fig.  45  exhibits  the  elongated  form  as  it  occurs  in  the  Spirifer 


i 

mucronatus.  This  Spirifer  belongs  to  the  Devonian  period. 
Tliesc  beautiful  external  forms  are  accompanied  wilh  inlernal 
arrangeraenis  and  apparatus  equally  beautiful  and  more  re- 
markable Thus,  fig.  44  exhibits  the  spiral  appendages  as  they 
arc  developed  in  the  Spirifer  striaius,  the  type  of  the  genus. 

The  Spirifers  make  their  appearance  in  the  Trenton  limestone 
and  continue  through  Ihe  whole  of  tbePaltcozoic  period. 


I'ia  le. 
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Us  AUKniClN  GEOLDOT. 

Passing  over  AtViyris  end  Unciles,  we  come  In  the    gnnu 

Atrjpa,  ont  which  tnakea  its  appearance  in  the  lower  Siluri&D 

and  becomes  one  of  ihe  most  common  forms  Hmong  the  Ptilec^ 

zoa  of  Ihifi  period. 

The  form  ol  Ihe  Alrypa  is  circular,  nnrf  may  be  trsnSvene  or 

'elongaled;  the   lieak   is  incurred  and  has  frequenlly  a  small 

round  orifice,  ihe  valves  are  arliculaled 

by  teeth  and  socltets;  the  dental  valve 

is  convex  or  may  he  neatly  flat;  the 

>>(n,ktt  valve  is  convex;  the  mesial  folds 

luity ,  or  may  not  exist.     The  arrange- 

nietil  of  the  Spiral  appendages*  aretlie 

reverse  of  the  Spiriler,  being  conical, 

but  with  the  apex  directed  in  < 

exhibited  in  !!•;.  46. 

The  outline  of  the  Atrypa  is 

shown  in  fig.  47,  though  it  de- 
viates io  many  species  from  this 

form.     Thus,  the  A-  ln?vis,  fig. 
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smooth,  striated 
Fig.  40. 


Spibioera  {d'Orb.). 
The  form  of  the  Spirigera  is  variable;  it  may  be  circular, sub- 
quadrale,  transverse  anil  globose.  It  has  the  internal  spiral 
apparatus  and  valves  articulating  by  teeth  and  sockets,  a  short 
incurved  beak  lying  contiguous  to  the  umbo  of  the  socket  valve, 
or  separated  by  a  dcliidium  io  two  pieces;  notruearea;  valves 
convex  and  divided  or  not  by  a  mesial  fold  or  sinus;  surface 
coslated  and  marked  by  numerous  lines  of 
growth.  There  are  four  pits,  or  mus- 
cular impressions  in  the  smaller  valve 
and  a  small  circular  aperture  close  to 
the  extremity  of  the  umbo,  the  extre- 
mities of  the  spiral  are  directed  to 
l\  the  lateral  margins  of  the  shell.  In 
the  ventral  valve  the  dental  plates 
extend  downwards  half  across  the 
shell  running  parallel  with  each 
other, showing  within  the  latter  elon- 
gated muscular  impressions.  David- 
son, Spirigera  concentiica,  fig.  49, 
belongs  to  the  Devonian  system. 


;.uei<]<:an  aKoi.oer. 
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"  The  animals  be- 
longing to  this  or- 
Aei  were  free  or  fixnl 
by  a  muscular  pedicle 
is.^uirig  from  an  aper- 
ture under  the  curved 
beak  of  the  ventral 
valve.  Theyare  sup- 
plied with  oral  appen- 
dages which  are  spi- 
raly  rolled,  supported 
by  a  pair  of  short 
curved  processes." 

Fig.  50  exhibits  the 
general   form  of  the 


■  (genera. 


The  gema 


of  which  none  have 

liu  carbon  ircroiiss_\s- 

s  wliich  appeared  for 

•v.r  part  of  the  upper 

1  (iviil  elongated  form 

t;  the  ventral,  has  an 

.ak,  and  also  is  more  con- 

rsal.     In  ihe  young  state 

;iilar  fissure,  but  no  delti- 

Ivc   has  two  distinct 

pla,  while  the    ventral   ■  as 

sepia  coalescing  into  one 

.  Fill.  51,11,  Pentanierus  galea- 

lUv    inside  plates  of  the  dorsal 

;.  b  is  asi{li:  view  oflhe  incurvn- 

bcak;  a  shows  Ihe  septa  of  (he 
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STROPHOMEKIDjE. 

§32.  Tlie  slifll  in  lliiis  family  is  convex,  plano-convex,  or 
wilh  one  valve  convex  and  the  other  concave,  following  the 
curvature  of  the  valve.  The  cardinal  area  belonfrs  to  both 
valves  and  they  have  a  straight  hinge.  The  family  forms  a 
large  projiortion  of  the  Palaiozoa  of  the  lower  Silurian  system. 
It  contains,  as  constituted  by  Mr,  Davidson,  four  genera:  Orthis, 
Orlhisiiin,  Slropkomena,  and  I^pftrna. 

The  genus  Orthis,  as  now  constituted,  contains  ihose  fossils 
whose  valves  are  usually  unequally  convex,  but  variable  in 
shape,  being  subcircular  or  quadraie;  the  socket  valve  is  some- 
times flat,  or  even  slightly  concave;  hinge  I  ne  straight  and 
usually  shorter  than  the  width  of  the  shell.  Both  valves  are 
furnishi'd  with  an  area  divided  by  an  open  triangular  fissure; 
beaks  incurved,  but  in  the  vi-ntral  valve  it  is  lont>e.-it.  Fig.  52 
Fig.  r,-. 


shows  the  rao-.i  tiimmon  form  in  the  Orthis  tesludinaria.  The 
internal  parts  of  the  valve  furnish  important  rharact eristics 
also  of  I  his  genus. 

Fig.  53, a  b,  exhibits  the  leeth  and  muscular  impressions  of 
Fig.  6:i, 
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I  ventral   and  dorsal  valves;  c,  lli^  most 
rorm  of  the  valves  in  the  Orthis  quadrala. 

Orthisi.n*. 
This  genus  has  the  general  form  ofthcOrthts.  The  cardinal 
area  is  double,  hinge  line  straight,  less  than  the  width  of  the 
shell;  fissure  is  concealed  by  a  convex  deltidium,  which  is  per- 
forated in  B  tew  species.  The  muscular  impiessions  of  the 
ventral  valve  are  situated  just  within  the  beak  in  an  ar; 
which  is  divided  by  a  mesial  ridge. 


'^— 


Stbofhomena. 

This  genus  may  be  known  by  iis  flat  or  depressed  form,  its 
great  expanse  and  diminutive  thickness,  its  straight  htnge  line 
which  equals  the  width  of  the  shell  and  tbe  conformity  of  the 
valves  to  each  other,  whether  convex  or  concave.  The  cardinal 
area  is  double  and  crenulated  at  its  inner  edges.  The  fissure  in 
the  larger  valve  is  partly  covered  with  a  convex  deltidium;  a 
small  circular  orifice  exists  in  the  younfr  shell.  The  dent»i 
valve  has  two  iliveriifiit  teeth  which  are  filled  lo  sockets  in  the 
dorsal  valve.  The  muscular  iiaprc^.-ions  arc  bounded  by  a 
circular  ridtjc,  open  below,  through  which  a  low  rnt-sral  ridje 
runs  in  the  direction  of  Un.-  bHsal  niiirgin. 

Fig.  54,  Slrophoiocna  planumbona,  shows  ibc  ifcneral  form  of 


A    ^ 


/       /'• 


ihe  shell  and  canlinal  area;  the  smiicircuiiirriilge  which  limits 
the  muscular  impressions;  andliij.  SJ,  h,  is  ascilion  of  the  valves 
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showing  the  mode  in  which  the  ma^in  is  frequently  bent  Fig, 
56,  a  b  c,  the  cardinal  area. 

Lept«na, 
Shell  involute,  semicircular;  ventral  Valve  regularly  convexj 
dorsal  valve  concave  conforming  in  its  curvature  to  the  other 
valve;  area  double,  fissure  in  the  ventral  valve  partly  covered 
by  a  deltidium.     In   the  dorsal 
^'  valve  the  muscular  impressions 

are  lai^e  and  bordered  by  a  low 
ridge,  and  which  extend  to  two- 
thirds  the  length  of  the  valve, 
while  they  are  small  in  the  ven- 
tral valve,  and  without  a  margin. 
Fig.  57  shows  the  form  of  the 
-  shells  belonging  to  the  genus. 

The  genera  Davidsonia,  Productus  and  Calceola  are  found  in 
the  Devonian  system,  and^  as  yet,  being  unlcnown  in  the  Silurian 
system,  will  be  passed  over. 

3.  Shell  un articulated,  texture  horny,  or  calcareo -corneous, 
depressed,  circular,  and  only  slightly  transverse;  muscular  pe- 
duncle, passing  through  a  slit  or  foramen  excavated  in  the  lower 
valve. 

Crania  n^. 

The  shell  fixed  to  stones  and  other  bodies  by  the  substance  of 
the  ventral  valve.  The  animal  is  provided  with  spiral  arms. 
The  upper  valve  is  patelliform,  and  without  articulating  pro- 
cesses; the  valves  and  their  attached  muscles  being  so  constructed 
and  arranged  as  to  slide  upon  each  other. 

DlSClNID£. 

Shell  circular  or  oval,  patelliform  or  conical,  wi(h  the  apex 
central  or  subcentral,  inclining  to  the  posterior  margin;  lower 
valve  opercular,  flat  or  subconvex,  and  perforated  by  a  narrow, 
oval  or  longitudinal  slit;  valves  unarticulated.  It  includes  the 
common  Orbicula  of  authors. 


«Mi;rii:a.\  uEOLOor. 

DUiCINt. 

Shell  circular,  oval,  patelliform;  the  upper  valve  conical;  ihe 
the  lower,  flat  or  convex;  unarticulalcd;  ihe  surface  is  market) 
by  lamellose  lines  of  growth,  ami  radiating  ones  praceedin^ 
from  the  apex.  The  shell  structure  is  horny,  diiTerinfr  in  Ibis 
respect  from  the  preceding,  which  are  calcareous. 
Vig.  M. 

t  ig.  54  shows  Ihe  foroi  of  the  valres  of  Oiscina.  o  shows 
the  Iamc!lose  structure  of  the  upper  valve,  and  6,  the  lower  or 
perforated  valve, 

Trematis  {Shop). 

Both  valTea convex;  the  lower  with  a  greater  convexitythaD 

the  upper;  tlic  umbo  on  the  former  is  subcerttd  in  the  latter; 
submarginal  fissure  in  the  lower  valve,  oblong,  and  oriainatinc 
just  beneath  Ihe  umbo,  ;ind  extending  to  the  margin.  Includes 
the  Orbicula  in  piirt  (ifautliora. 

>'iw  ■■'■''  Fig.  55  shows  the  form  of  the  two  valves, 

^SK  if^    a"'l  'lie  aperture,  n,  in  the  lower  valve  for 

Kj^        ^i,:y     llie  transmission  of  the  pedicle. 

L[\.iui.in.r. 

Shell  horny,  and  fixed  by  a  muscular  pt-iiuncic,  as  represented 

in  fig.  5G  of  lliL-  recent  I.ingula;   shell  unarticulaled,  retained 

in  position  by  muscles  only.     It  contains  two  genera,  Lingula 

and  Obolus. 


V*  >■ 


J^, 
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LiNGULA. 

Shell  thin,  equivalve,  subelongate;  edges  parallel,  or  nearly 
so;   apex  acute;  the  peduncle  passes  out  between  the  shell. 

Obolus. 

Shell  circular,  and  orbicular,  equilateral,  inequivalve;  slightly 
transverse;  depressed;  unarticulated;  larger  valve  most  convex, 
and  with  a  short,  obtuse  beak,  and  a  flattened  cardinal  edge,  or 
a  false  deltidium  produced  by  lines  of  growth,  in  which  the 
groove  for  the  transmission  of  pedicle  is  excavated. 


<  •  •  • » 


SPmiFERIDiE. 

Atrypa. 

Synopsis  of  the  genus: 

A.  Shell  smoothy  udth  a  mesial  fold  or  notj  marked  vMh  con^ 
centric  lines. 

B.  Shell  f  Heated;  flails  simple. 

C.  Shell  plicated;  plaits  imbricated. 

A.  Shell  smooth,  with  or  without  a  mesial  fold,  with  or  with- 
out concentric  or  radiating  lines. 

A.  EXTANs  (Conrad). 

PI.  10,  fig.  1  and  11. 

Shell  ovate,  transverse,  subglobose;  dorsal  valve  with  a 
broad,  deep  sinus;  ventral  valve  with  a  corresponding  rounded 
elevation,  and  considerably  elongated  in  front;  beaks  small, 
surface  marked  by  concentric  lines,  longitudinal  strise  less 
distinct.     Trenton  limestone,  Watertown. 

A.  NUCLEUS,  pi.  lOifig.  2. 

This  specie  has  the  general  form  of  the  A.  extans,  but  smaller, 
beak  of  the  ventral  valve  incurved  and  compressed  over  the 
dorsal  valve.  Its  characters  do  not  clearly  separate  it  from  the 
A.  extans. 


.  nrsuLr-ATA, 


p/.  l0,/ig.3,ahcdt. 


Shell  Biniill,  rounrf,  oval,  unequally  convex;  dorsal  valve 
bisculated;  bcnk  of  the  ventral  valve  incurved  and  close 
pressed  upon  the  other;  surface  smooth,  concentrically  striated, 
ventral  valve"  with  a  single  sulcus.  Trenton  limestone,  Mid- 
dlevllle. 

A.  CnSFIDATA. 

\Vith  llie  mesial  fold  in  front,  the  shell  triangular,  latenUljC 
it  is  subglobose.  ^H 

A.  EXlliUK,  pi.  10,  Jig.  6. 
Shell  small,  ovate  valves  unequally  convex,  beaks  of  the  ven- 
tral  valve  acute,  valve  itself  with  a  ridge  in  the  middle,  dorsal 
depressed  surface  marked  with  fine  concentric  lines,  varying 
from  a  line  to  one-fourth  of  an  inch  in  length. 

A.  ciKCtJLUS,  pi.  10,  Jig.  7. 
Shell  small,  with  a  suborbicular  form;  outline  circular  cod- 
vexily  of  the  valves  siibt^qiial;  beaks  subequal;  surface  marked 
by  fine  coiicenlric  liiirs. 

A.  AV.r.h-v\,  pi.  10,  Jl'j.  ti,  'J,  Sc. 
Form  of  llio  slicli  Mihorbiuuliir,  oiillinu  trigonal  or  sublroin- 
boidal,and  of  a  (inL'diiiin  sizi-;  beaks  suhyqual;  valves  unequally 
convex,  ventral  y.iUr  rc'<rularly  convux,  rounded  near  the  beak, 
sinus  extiiidin!^  lo  the  iVont  mari^in;  dorsal  valve  has  a  corre- 
spondin^r  fold ;  surfiicf  jjiai  ki'd  by  fine  concentric  lines,  obscurely 
plicated;  ribs  plain  or  uniinbi  icated. 


Shell 
bciks  sm 


A.  nKiiiPLCCATA  {Hii/l). 
I'l.  10,  _/(>.  10. 
Ill    loiiu;    or    transverse,     unequally    convex, 
1  valve  with  a  broad  fold,  plicated  below  and 
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with  lateral  plications,  none  of  which  extend  to  the  beak, 
mesial  fold  in  the  dorsal  valve  plicated,  broad  not  deep;  plica- 
lions  usually  two;  it  is  also  laterally  and  coarsely  plicated  upon 
the  margin ;  surface  usually  smooth.  There  are  some  variations  in 
form,  some  having  wide  frontal  margins;  in  others  the  plica- 
tions are  variable  in  extent,  and  in  some  the  ridges  bounding 
the  sinus  are  more  angulated  than  in  others;  the  ventral  valve 
is  usually  quite  prominent,  giving  a  gilbous  form  to  the  fossil. 
Trenton  limestone,  to  which  it  is  confined. 

A.  SUBTRIGONAI.IS,  p/.   lO^  Jig.  12. 

Form  of  the  shell  trigonal,  rounded  in  front,  which  is  broad 
and  from  which  it  tapers  rapidly  to  a  small  beak,  convexity  of 
the  valves  subequal;  ventral  valve  regularly  convex  with  a 
small  triangular  foramen,  under  a  slightly  incurved  beak;  valves 
with  about  twenty  plications  of  which  the  mesial  sinus  has 
three,  and  the  corresponding  fold  has  four. 

A.  RECURVIROSTRA,  pi.   10,  Jig.  5. 

Shell  small,  ovoid;  ventral  valve  regularly  convex;  beak 
incurved,  sinus  shallow  and  obscure,  plications  small  and  about 
twenty-four,  and  extending  from  the  beak  to  the  base. 

A.  PLICIFERA,  pL  S^Jig.  29. 

Shell  somewhat  trigonal,  small,  incurved  and  of  a  medium 
size;  convex,  but  rather  depressed  or  flattened;  marginal  line 
undulating;  sinus  shallow  and  not  extending  farther  than  the 
middle  of  the  shell;  plications  about  twenty  rounded  and  equal, 
five  or  six  belong  to  the  sinus.     Chazy  limestone. 

A.  PLENA  {Hall). 
PI.  3,  fig.  28. 
Shell  of  a  medium  size,  rounded  and  convex,  rather  ventri- 
cose;  ventral  valve  with  the  short,  small  beak  only  slightly 
incurved  and  close  pressed  upon  the  other;  plications  undivided 
and  from  fifteen  to  twenty  and  plane,  with  about  four  or  five 
belonging  to  the  sinus  and  opposite  fold  Common  and  in  beds 
of  the  upper  part  of  the  calciferous  sandstone. 


A.  «.nu9,pt3.>^.30. 
ndlof  a  m«<IiDmsue,rotw4orcaa*a[-,  doraal  T«l»e  r«lWi 
•Mve  anxex  than  Ihe  TCDlnl;  farak  kuU  acotr,  uxl  tbe  veittTil 
oor  incarrrd  orer  ibe  olber.  PfkstioKS  rqitml,  roniKlal  ni 
»bomt  tvntT-(6ar.  eight  of  whicfc  Wgo^  Ip  the  meaal  Stan 
n4  BnaU  foU;  attrgiMai  liiw  wavta^ ;  ocean  la  tbe  Chay 
HmMom  and  vfftr  part  of  tW  ealnferoia  nadsloBe. 


P 


"SbcH  aaali  v  miaole  trigonal;  fiiatiooM  eqaiU  and 
•bool  twelve  or  feBrtecn;  tli«  cnttnl  one  oo  tbe  teotxal  *al« 
cxtcnJiag  half  waj  to  the  beak.'^ 

Snail,  wide  ia  the  aiMkaadcamrp^  npUly  to  tbrbr^; 
beak  of  the  notral  nh«  adl.  iMwnd;  pGcaiioss  sbont 
thirtj.     Cba^  h 


,  rJL  M^jlr.  ». 


_-  ^--e-J  r:-^ 
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A.   DENTATA  {Holl). 
PL   10,  fig.  14. 

Shell  small,  form  somewhat  triangular;  outline  cordiform; 
valves  unusually  convex;  plications  undivided,  angular,  strong, 
two  of  which  form  the  mesial  fold;  surface  crossed  by  numerous 
imbricating  lines.     Trenton  limestone. 


#  » 


STROPHOBfENID^. 

Orthis. 
Synopsis  of  the  genus: 

A.  Ribs  or  plaits  simple  or  undivided y  and  riot  t?nbricated. 

B.  Ribs  or  plaits  Jascictdated,  or  forming  clusters  having  a 
common  origin,  and  not  imbricated. 

m 

C.  Ribs  or  plaits  imbricated, 

A.  Ohthis  tbicenaria  {Conrad). 

Shell  semicircular;  cardinal  area  high;  foramen  narrow; 
cardinal  line  equal  to  the  width  of  the  shell;  apex  of  the  central 
valve  elevated  and  pointed;  beak  scarcely  incurved;  dorsal  valve 
flat  circular;  cardinal  angles  rather  rounded,  inside  with  a  mesial 
ridge,  extending  from  the  socket  to  the  opposite  margin;  plaits 
numerous,  variable,  and  undivided,  from  twenty-five  to  thirty; 
the  points  of  the  ribs  inside  have  linear  indentions. 

0.   PLICATELLA  {Holl). 

PI.  9,  fig.  9,  a,  b. 

Shell  rather  small,  transverse  or  broadly  ovate;  convexity  of 
the  valves  subequal;  plications  merely  simple,  or  about  twenty- 
four  in  each  valve,  number  variable.    Trenton  limestone. 

0.  PECTiNELLA  {Conrod). 

PL  9,  fig.  10,  11,  a,  6. 

Rather  large,  circular,  sometimes  transverse,  obliquely  con- 
vex; cardinal  line  rather  less  than  the  width  of  the  shell,  aqd 

25 
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largest  upon  the  less  convex  valve;  plications 
twenty-eight,  and  mostly  simple,  a  few  do  not  extend  to  thi 
beak;  a  few  elevated  concentric  lines  gometiines  exist  near  the 
margin.     It  appears  to  be  confined  to  the  Trenton  Hmestoi 


1 


B.  R3u  or  plaUi  dicided,  somelimti  fasciculaled, 
Orthis  TKSTUDiHiBU  (DtUmon). 
PI.  9,  Jig.  l,«tot. 

Circular,  rather  transverse,  planoconvex;  cardinal  linestraight, 
less  than  the  width  of  the  shell;  angles  rounded;  cardinal  area 
rather  small;  beak  of  the  ventral  valve  prominent,  slightly  in- 
curved; foramen  rather  wide;  plaits  numerous,  in  fascicles  of 
about  six  in  each,  but  not  constant;  middle  of  Ihe  ventral  valve 
prominent  upon  the  umbo,  against  which  there  is  a  correspond- 
ing shallow  sinus  in  the  opposite  valve;  inside  of  the  dorsal 
valve  there  is  a  mesial  ridge,  which  disappears  about  the  middle 
of  the  Talve,  or  becomes  less  prominent.  The  0.  testudinaria 
is  the  raost  common  Orlbis  of  the  Trenton  limestone;  it  exiends 
into  the  Loraine  shales,  where  it  is  less  abundant. 

O.  sur.i:qota  {Conrad). 
PI.  9,  >V.  i. 
DilTers  from  the  0.  (estudinariu  in  the  nearly  equal  convexity 
of  the  valves. 

O.  DisFAiiiLis  {Cor.rad'). 

PL  9,j!g.4,a,c,h. 
Small,semicircular,  concave  or  planoconvex;  area  prominent, 
or  thebeakot"  the  ventral  valve  elevated;  foramen  niurow;  plaits 
about  twenty-L'ighl,  one-half  commencing  u|ion   the  umbo,  tra- 
versed by  numerous  concentric  lines.     Trenton  liiiitjlone. 

().  PKKVKiiTA  {Conrad), 
Small,  circular;  convexity  of  Ihe  valves  unequal;  area  of  the 
valves  nearly  equal;    surface  marked    by  numerous  radiating 
lines,  which  divide  upon  ihe  umbo. 
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0.  FISSICOSTA  {Hall). 

PL  9,  fig.  7,  a,  b. 

Circular  and  transverse;  cardinal  line  less  than  the  width  of 
the  shell;  beaks  incurved;  valves  unequally  convex;  plaits 
about  twenty;  an^lar  and  divided  twice  or  three  times  near  the 
middle. 

0.  INSCULPTA,  pL  9,  fig.  12. 

This  fossil  is  described  by  Mr.  Hall  as  resupinate;  dorsal 
valve  depressed,  convex;  beak  elevated,  not  incurved;  cardinal 
line  less  than  the  width  of  the  shell;  area  short;  surface  marked 
by  fine  elevated  radii;  bifid  upon  the  umbo,  and  again  bifid  or 
trifid  towards  the  margin  of  the  shell;  and  transversely  marked 
by  strong  concentric  lines.  The  interior  vascular  impressions 
of  the  valves  renders  it  quite  doubtful  whether  this  is  an  Orthis; 
the  muscular  impressions,  and  those  of  the  vessels  are  quite  dif- 
ferent from  an  Orthis. 

0.  DICHOTOMA  (^Hall). 

PL  9,  fig.  13. 

Convexity  of  the  valves  unequal ;  plications  bifurcate  midway 
between  the  beak  and  the  base|  crenulations  indistinct  Blue 
limestone  of  Ohio. 

0.  SUBQUADRATA  {Holl). 

Form  of  the  shell  subquadrate;  valves  unequally  convex; 
cardinal  line  much  shorter  than  the  width  of  the  shell;  angles 
rounded;  foramen  small;  ventral  valve  flattened  near  the  mar- 
gin; plications  numerous,  sharp,  crossed  by  numerous  con- 
centric lines,  which  give  the  appearance  of  having  an  imbricated 
structure,  yet,  when  worn,  these  lines  are  obliterated.  Blue 
limestone  of  Ohio,  and  unknown  in  New  York. 

0.    OCCIDENTALIS  {Holl). 

Shell  transverse,  or  wider  than  high;  beak  unequally  convex; 
hinge  line  shorter  than  the  width  of  the  shell;  beak  of  the  ventral 
valve  large,  incurved,  with  an  elevation  extending  from  the  middle 
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of  the  valre  to  (he  margta;  mesial  sinus  wjile  and  shallow  iU 
the  dorsal  valve ;  surface  marked  by  numerous,  sharp,  bifurcatin 
ndii.     Blue  limestone  of  the  West. 

,  0.   BKViTA  {Hall). 

R&tber  lai^e;  wider  than  high,  semicircular;  umbo  rouDdA^A 
prominent;  beak  incurved;  area  narrow;  valves  unequally  coa- 
Tex,  ventral,  with  a  broad  rounded  elevation,  to  which  the  sinus 
of  the  dorsal  valve  corresponds;  surface  marked  by  nuioerous 
radialing  stride,  which  are  somewhat  crenulated.  _^ 

O.  SUBJL'UATA  {Hall).  ^H 

The  0.  subjugata  is  described  by  Mr.  Hall  as  scQiioval,  with 
■  point  somewhat  produced,  dorsal  area  large;  ventral  area 
narrow;  dorsal  (ventral)  having  its  greatest  elevation  just  be- 
low the  heak;  sides  somewhat  depressed,  often  flattened  wil 
a  deep  broad  mesial  depression;  ventral  valve  convex,  gibl 
surface  marked  by  even  rounded  BtriEe,  which  are  dichotomous 
and  trichotomous  toward  the  margin.  Blue  limestone  of  Ohio 
and  the  western  states. 

0.  SQUIVALVIS. 

Pl.9,Jig.6.a,b,c. 
Shell  symmetrical;  valve  subequal;  hinge  line  less  than  the 
breadth  of  the  shell;  i>lications  above  thirty,  bifurcating  once 
or  twice.     Trenton  limestone. 

C.  Ribs  or  plaits  imbricnU-d. 

UitTHis  Lv.\x,  pi.  14,  /(>.  9,  a  p. 

Shell  thick  anil  compar;itively  massive  in  the  old  sheds,  form 
variable,  but  usually  Iransverse,  or  it  may  be  siibijuadrale  and 
globose.froquently  very  thick,  cardinal  line  usually  less  than  the 
width  of  Ihe  shell;  area  of  the  valves  unequal;  plaits  undivided 
and  twenty,twenty-four  thick,  angular  ami  imbricated,  forming 
with  each  other  a  crenulated  margin;  mesial  fold  has  four,  and 
the  sinus  three  ribs,  this  number  is  variable  with  age. 
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Trenton  limestone.  In  New  York  the  0.  lynx  is  much 
smaller  than  at  the  west  in  the  blue  limestone.  It  is  widely 
distributed,  being  found  at  most,  if  not  all  the  localities  where 
the  Trenton  limestone  occurs. 

0.  BELL4-RUOOSA  (  Conrod). 

Pi'  9,  fig.  3,  abed. 

Shell  rather  small,  semicircular  or  semioval,  convexity  of  the 
ralyes  subequal,  hinge  line  rather  less  than  the  width  of  the 
shell,  dorsal  valve  with  a  narrow  depression  in  the  middle,  the 
ventral  valve  has  a  rather  elevated  beak,  and  slightly  incurved; 
plaits  numerous,  bifurcating  unequally  and  imbricated.  Tren- 
ton limestone. 

Stbophomena. 
Synopsis  of  the  genus: 

A.  Longitudinally  striated. 

B.  Striated  and  transversefy  wrinkled. 

S.   ALTERNATA  {Confod). 

PL  11,  figs.  1,  a  6  e;  and  fig.  3,  5,  h  c. 

Large,  circular  or  semicircular;  area  very  narrow,  hinge  line 
straight,  sometimes  the  angles  are  bent  towards  the  convex  or 
ventral  valve,  where  the  angles  of  the  valves  become  very  thin; 
ventral  valve  perforated  and  bent  near  the  middle,  disc  flattened 
or  only  slightly  convex;  dorsal  valve  with  a  convex  deltidium 
or  boss  projecting  into  the  fissure  of  the  ventral;  surface  firmly 
striated,  every  third  or  fourth  being  stronger  and  more  distinct. 
Cabinet  of  Williams  College. 

S.  CAMERATA  {Conrad). 

Resembles  the  S.  deltoidea,  having  very  nearly  its  propor- 
tions, striae  or  surface  markings,  but  its  convexity  is  greater  than 
that  of  the  deltoidea. 

S.  DELTOIDEA. 

Shell  higher  than  wide,  somewhat  deltoid,  hinge  line  longer 
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tliaD  tbe  shell  is  njde.  Ventral  valve  plaao  convex  i 
disc  and  becoming  convex  below  and  with  the  middle  of  tbe 
marginal  part  produced  io  froat,  while  the  lateral  parts  are 
bent  down.     Cabinet  of  Williams  College.  ,^^| 

S.  aLTEBNlSTKIATi  (//<j//).  ^^H 

Large,  circular,  somewhat  wider  than  long;  hing^e  lins 
longer  than  the  shell  is  wide;  ventral  valve  with  a  large  sub* 
convex  disk,  bent  at  one-fourth  the  distance  from  the  ba^l 
margin  to  the  cardinal  area;  slriic  rather  coarse,  siibequal. 

In  this  species  the  slriic  arecoarser  than  those  of  the  alternata 
and  more  rugose;  the  ventral  valve  has  punctures  between  the 
strife,  while  in  the  dorsal  valve  tbe  surface  appears  to  be  marlted 
by  obscure  transverse  lines.     Cabinet  of  Williams  College. 

S.  yiLITEXTA  ( Hall),  ^^M 

pi.n,jig,9,c.  S 

Shell  large,  circular,  height  and  breadth  subequal,  hinge  line 
prolonged  beyond  the  marjrin  of  the  shell  along  a  projecting 
ansle;  dorsal  valve,  the  muscular  impressions  stron<r,  the  sau- 
cer form  area  former!  of  a  distinct  layer  of  sht-lly  mailer  wliich  ii 
coarsely  plicnted;  slielj  punctated  throughout.  Caliioel  of 
W'illiams  Ci)ll,-4(.. 

S.  ri.ANU.VHo.w  [liiill). 

Semicircular  hin;:;e  line  extenduil  bcyojul  tlie  margin  ol  Ibe 
shell,  whole  m;ir>rii]  bent;  ventral  convex,  dorsal  valve,  the  fis- 
sure parity  nicupied  by  a  convex  deltidium;  muscular  impres- 
sion bordered  on  e;fch  side  by  a  semicircular  ridge  of  sbeliy 
matter;  wliiih  is  wanting  in  front  am)  permits  the  passage  of 
a  mesial  ridge;  internal  margin  indented  with  furrows  alter- 
nating willi  riilges  along  the  bent  border;  surface  striated  with 
raised  lines  variable  in  strength  and  in  thickness.  Cabinet  of 
W'illiams  college. 

S.  ]ii;Ki.KCTA  {Conrad). 
It  is  described   by  Mr.  Hall  as  resupinate,  semioval;  dorsal 
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valve  slightly  concave,  elevated  towards  the  beak,  and  deflected 
at  the  angles;  ventral  valve  moderately  convex,  cardinal  extre- 
mities deflected,  cardinal  area  wide,  and  the  surface  has  a  crenu- 
lated  appearance,  from  the  crossing  of  the  longitudinal  and 
concentric  lines. 

S.  RECTA  {Conrad). 

Shell  small,  semicircular,  as  wide  again  as  high;  cardinal 
line  extended  into  the  acute  angle  beyond  the  margin  of  shell; 
cardinal  area  narrow;  strise  bifurcating;  surface  crenulated. 
Cabinet  of  Williams  College. 

S.  SERicEA,  pL  1^9  Jig.  6.  ab  c  d. 

Shell  small,  semicircular,  depressed;  hinge  line  longer  than 
shell  is  wide;  base  line  subparallei  with  the  hinge  line,  or 
forms  a  true  semicircle;  fissure  of  the  ventral  often  closed  by 
the  deltidium  of  the  dorsal  valve;  perforation  generally  closed, 
greatest  convexity  immediately  below  the  hinge  line,  or  near 
the  umbo;  muscular  impressions  of  the  dorsal  valve  large,  sub- 
quadrangular  and  divided  by  a  mesial  groove.  Extends  from 
the  Trenton  limestone  to  the  Loraine  shales.  Most  widely  dis- 
tributed of  the  Branchiopoda.     Cabinet  of  Williams  College. 


Fig.  61. 


S.  SINUATA  (n.  S.). 

Shell  rather  small,  thick,  stout  for 
its  size,  semicircular,  cardinal  line 
equal  in  length  and  width;  aperture 
open  at  the  apex  of  the  deltidium; 
umbro  slightly  elevated;  ventral  valve 
bent  in  the  middle  of  the  margin,  producing  a  deep  sinus  and  a 
projection  or  fold  of  the  opposite  valve.  Concentric  lines 
of  growth  strong,  strise  bifurcate  at  different  distances  be- 
between  the  margins.  The  species  is  one-third  larger  than  the 
S.  sericea.  The  sinus  resembles  that  of  the  S.  nasuta,  or  the 
Orthis  sinuata.  Cincenati.    It  belongs  to  the  blue  limestone. 


B.  Surface  transversely  uTinkled. 

a.  TENUisTRiATA  {Sowerby). 
Semicircular,  binge  line  longer  than  ibe  widtb  of  the  sbell; 
angles  proiluced;  ventral  valve  rather  flat,  margins  bent  down; 
transverse  wrinkles  numerous  and  narrow^  longitudinal  linea 
numerous,  equal. 

DisciniujE, 
Discina  {Lamark). 
The  genus  Diacina,  Orbicula  lamcllosa,  is  supposed  by  H. 
d'Orbiny  not  lo  have  made  its  appearance  prior  to  the  Tertiary 
period, 

Orbicuididea  [d'Orb.). 

It  is  characterized  by  Mr.  Davidson  as  suborbicular,  palelli- 
form,  transversely  or  longitudinally  oval;  lower  valve  conical 
or  concave;  no  pedicle  disk,  but  a  narrow,  oval  or  circular  aper- 
ture, situated  in  a  turrow. 

0.   LAHELLOSA,  pi.  8,  Jig.   10. 

Orbicula  lamcllosa  {liaU). 
Rather  small,  circular;  apex  of  the  upper  shell  small, 
situated  about  one-tliird  of  the  breadth  of  the  shell    from  the 
margin;  squarmose  concentric  lines  mark  the  surface. 

O.    FlLOS.l,  pt.  S,  /iiT.  9. 

Orbicula  filosa  {Hall). 
Mr.  Hall  hesitates  in  referring  this  sht,-ll,  figured  in  the  Pale- 
ontology of  New  York,  pi.  30,  fig.  9,  to  the  Orbicula.     I  have 
not  seen  this  fossil,  and  therefore  shall  merely  refer  to  the  figure. 

0.  TUCNCATA  (n.  s.). 
Shell  corneous,  circular;  apex  eccentric,  and 
larked  with  a  shallow  furrow,  which  extends  one 
alf  tbc  distance  towards  the  margin;  posterior 
iari;;in  truncate;  cuticvilar  surface  marked  by  fine 
idialing  lines,  and  riillier  strong  concentric  ones 
Trt'otoii  limestone,  Middleville.    Cabinet  of  Williams 
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Tremitis  {Sharp). 

Orbicella  (d^Orb.). 

Shell  depressed;  valves  unequally  ooDvex,  greatest  in  the 
lower  valve;  umbo  of  the  lower  valve  snbcentral,  of  the  upper, 
marginal;  lower  furnished  with  an  oblong  aperture  for  the 
transmission  of  the  pedicle. 

T.  TBRMnfALis  {Emmons). 

fig*  ^' 
Qrbicula  terminalisi. 

Orbicella  terminalis  (d'Orft.). 

Shell  circular;  length  and  breadth  of  the  upper 
valve  equal  or  subequal;  cuticle  quincuntiaDy  punc- 
tate; punctures  beneath  the  cuticle  less  r^ular  and 
more  distant  than  upon  the  cuticle,  but  arranged 
somewhat  in  concentric  lines;  shell  inflected  about 
the  aperture,  which  opens  just  beneath  an  elevated 
umbo  of  the  upper  valve  marked  by  three  longitudinal 
Fig.  63  shows  the  surface  markings.    Trenton  limestone 
Cabinet  of  Williams  College. 


umbo; 

lines. 

(rare). 


•  »>■ 


LINQUIIDJB. 
LmOULA  QUADRATA. 

PI.  8,  fig.  4,  a,  b. 

Shell  large,  quadrilateral;  sides  rounded;  extremities  sub* 
equal;  base  circular  or  rounded;  cardinal  extremity  subacute; 
beak  submarginal  with  a  false  area;  marginal  line  circular; 
ventral  valve  rather  more  convex  than  the  dorsal;  surface  finely 
marked  by  concentric  lines,  the  longitudinal  ones  are  more 
distinct  upon  the  cast  than  upon  the  shelL  In  all  my  speoimem 
there  is  a  longitudinal  groove  in  the  middle  of  the  shell  or  upon 
the  ventral  valve.  The  sides  bei^g  thin  and  brittle,  the  mar* 
gins  are  often  broken,  ao  as  to  appotr  poraUeL  Trenton  lime* 
stone.    Cabinet  of  Williams  CoUego. 

26 
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L.  ELONGATA  {HoU). 

PI.  8,  Jig.  5. 

Shell  oval;  ends  subequal,  cardinal  one  narrower  than  the 
basal;  elevated  in  the  centre;  surface  marked  by  fine  concentric 
st^isBL — HaUf  Pal.  Rep. 

S.   PAPILLOSA   (n.  S.). 

^.64 

Pig^64.  Umbo  marginal,  obtuse;  surface  faintly  striated 

longitudinally;  surface  finely  but  irregularly  papil- 
lose ;  middle  marked  by  two  smooth  furrows.  Tren- 
ton limestone. 

L.  OBTUSA,  jrf.  8y  Jig.  7. 

Shell  orate;  sides  rounded,  and  curving  towards  an  obtuse 
beak;  beaks  produced  beyond  the  cardinal  area;  concentric  and 
longitudinal  lines  extremely  fine. 

L.  PRIMA  {Emmons). 

Shell  small,  oval,  obtuse,  rounded,  nearly  straight  at  the  base; 
beak  scarcely  elevated  above  the  surface  of  the  wider  part  of 
the  shell;  acute;  surface  faintly  marked  with  concentric  lines 
of  growth.  Potsdam  sandstone,  Keeseville,  High  bridge,  where 
it  is  found  through  a  thick  mass  of  rock  for  sixty  or  seventy 
feet     Cabinet  of  Williams  College. 

L.  ANTiQUATA  {EmmoTis), 

PI.  4,  Jig.  7. 

Shell  ovate,  rather  wide  near  the  base,  begins  to  taper  above 
the  middle  and  terminates  in  a  rather  acute  beak;  the  shell  is 
made  up  of  lamellose  plates,  somewhat  longitudinally  wrinkled. 
Occurs  at  French  creek,  Jefferson  county,  N.  Y-,  in  a  friable 
variety  of  Potsdam  sandstone,  near  the  top  but  below  the  Fu- 
coidal  layers. 

Probably  the  L.  prima  and  antiqua  should  constitute  but 
one  species,  as  both  vary  in  form  and  size.  The  L.  prima  is 
however  much  smaller,  upon  the  whole,  than  the  antiqua.     Mr. 
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Hall  remarks  that  L.  antiqua,  figured  in  my  Geological  Report  of 
the  Second  Geological  District  of  New  York,  is  the  L.  acu- 
minata of  Conrad;  the  figures,  however,  were  drawn  from  speci- 
mens I  obtained  at  the  High  bridge,  and  were  taken  from  the 
Potsdam  sandstone,  and  though  enlarged,  my  shell  represents 
the  form  of  this  species  and  not  that  of  the  Acuminata. 

L.  ACUMINATA  (Conrad). 

PI.  4,  Jig.  9. 

Shell  elongated,  rounded  at  base;  sides  gradually  converge 
to  an  acute  and  subacuminated  apex;  umbo  rather  elevated, 
forming  a  ridge.     Calciferous  sandstone. 

Lb  RICINIFORMIS. 

PI.  8,  Jig.  2,  a,  6,  c. 

This  species  is  described  as  oval>  convex,  slightly  attenuated 
towards  an  obtuse  beak,  with  a  smooth  surface  and  obsolete 
concentric  lines,  and  not  exceeding  one-third  of  an  inch  in 
length.    Trenton  limestone^ 

L.  JEQUALIS  {Hall). 

PL  8>  Jig.  3. 

It  has  a  very  close  resemblance  to  the  L.  riciniformts,  but  is 

a  little  larger. 

L,  CRASSA  {Haliy 

PL  8,  Jig.  8. 

Shell  thick,  broadly  ovate,  subacute  at  the  beak,  and  wide  at 
the  base.  The  unequal  convexity  of  the  valves  of  this  species 
can  not  form  a  distinguishing  character,  as  it  is  rather  common 
to  many  others.    Trenton  limestone,  to  which  it  is  confined. 

Obolus. 

This  genus  has  not  as  yet  been  discovered  in  the  Lower  Silu- 
rian rocks  of  New  York.  Dr.  Owen  has  given  several  figures 
of  fossils  which  he  refers  to  this  genus.  It  appears  to  me  that 
there  is  still  some  doubt  respecting  the  identity  of  the  fossils 


The  covering  of  the  Tunicnta  not  being  composed  of  i; 
capable  of  being  preserved,  no  animals  of  the  citiss  have  btfo 
discovered  in  any  formations. 

BBTOZ0;t. 

The  Bryozoa  resemble  the  polypi  in  their  general  appearance, 
form,  distribution  of  the  organs  lor  conveying  food  to  the  mouth, 
and  in  being  fixed  to  a  common  calcareous  or  corneo-calcareoui 
support,  but  arc  still  more  closely  related  to  the  Molusca  than 
to  the  Zoophyte.  They  are  supplied  with  ciliated  tentacult 
which  surround  tlip  nirmfh,  ^  di,i;(::5tive  appnrnlu*  like  the  .Mr- 
lusca.  They  are  envelope)!  in  a  mantle  and  protected  in  a  cell 
often  composed  of  carbonate  of  lime.  This  ceil  has  an  oporcu- 
lucn,  and  contains  a  single  individii.t!.  But  these  (.■(.■lis,  thciii;;h 
they  adhere  to  each  other  anil  are  placed  upon  a  common  axis, 
are  never  divided  by  septa  radiating  from  the  outer  wall. 
and  this  fact  will  ennble  us  to  distinguish  a  Bryozoon  from 
a  coriil,  or  Ziic>]ili\le,  A  coral  has  a  single  orifice  for  the 
rereplion  of  liiiid  and  the  rejection  of  excreim^ntitious  mat- 
ter; a  ISryoznon  Ims  two,  and  br«idis,  the  cell  of  a  corsl 
never  has  an  operculum  When  the  se])(a  or  partitions  oi 
a  coral  nil  are  broken  down,  or  dissnlveil,  as  (hey  may  he  in  .1 
fossilized  stale,  it  is  then  <lilliciilt  to  ili^tiiiLTiH.vli  them  Urn 
each  other,  but  we  never  ste  the  cellule  of  a  ISryozoon  willi 
seplalc  lamina. 

The  number  of  ijenera  beluii^iinL;  to  the  Bryozarit-s  is  nd 
numerous,  I  sbnll  howiver  ilrscrihe  lliosi:  only  which  are  known 
in  the  lower  Silurian  system 


M0LUSC01DB&  805 

Oenus  Ptilodictta  {I/msdale). 

The  cells  are  either  round  or  rhomhoidal,  growing  upon  two 
sides  of  a  lamellous  support  and  arranged  in  a  quincunx  order. 

P.  RAMOSA  ((rOr6.). 

«.  4,Jig.  1,  1  a. 

Stictopora  ramosa  {Hall). 

Cells  on  both  sides,  of  a  branching  calcareous  support,  forming 
a  crust  upon  which  they  are  arranged  in  parallel  lines,  so  as  to 
form  a  quincunx  order;  mouths  OTal  opening  obliquely  upward. 

P.  LABTRINTHIOA  (nl'Ofk). 

PL  4,  fig,  U,  18,22  and  3. 

Stictopora  labyrinthica  {Hall). 

The  branching  stems  are  flattened  and  flexuous,  branches 
forming  an  axis  which  bear  upon  both  sides  OTal  cells  arranged 
in  quincunx  order.  This  Bryosoon  is  abundant  on  the  weath* 
ered  surface  of  the  Birdseye  limestone  at  Chazy. 

P.  BLSOAMTULA  (ifOfk). 

PL  7 f  fig*  4, ah  ed. 

Stictopora  elegantula  {Hall.) 

The  branching  celluliferous  axes  are  aomewhat  flexuose  sup- 
porting oval  cells  arranged  in  close  lines,  upon  which  they 
alternate.    Trenton  limestone. 

P.  BiCTA  (ifOrb.). 

Escanqpora  recta  {HaU). 

Axis  cylindrical,  simply  tapering,  the  tubes  with  open  mouths 
and  oval,  margined  with  or  inclosed  in  rhomboidal  spaces,  and 
arranged  in  regular  lines. 

StmaicTiapoaA  ((TOrfr.). 

Intricaria  {HalL) 

Cellules  large,  and  arranged  in  single  lines  upon  anastomos- 
ing or  dichotomoos  bnnchcs. 


Intricaria  reticulata  (Hall). 
Axes  branching  and  anastomosing,  sometimes  regularly  and 
forming  thereby  pentagonal  or  hexagonal  meshes;  mouths  cir- 
cular and  in  single  rows-     Trenton  limestone,  Bridport,  Vt. 

SoLCOPORi  {d'Orb.). 
It  differs  from  Ptilodictya  in  the  cells  being  arranged  in  lines 
with  a  furrow  between  them. 

S.  FBNKSTRATA  (iTOri.).  ^H 

Stictopora  fenestrata  {Hall). 
PI.  Z,fig.  5,  a  h. 
Cellules  in  rows  separated  by  a  furrow  running  in  the  direc- 
tion of  the  axis  of  support,  mouths  oval  or  rounded.     Chazy 
limestone. 

Enallopoka  {d'Orb.). 
Cellules  projecting  upon  the  sides  of  a  compressed  branching 
axis,and  never  anastomosing;  cellules  alternating;  mouths  cir- 
cular or  nearly  round. 

K.  Pi:BANTiyi:A(«/'Orf..) 

Gorgonia  pcranliqua  ( //a//). 

PL  7,  Jig.  5.  a  b. 

M.  d'Orbiny  refers  to  the  Gori^onia  perantiqua  of  Hall,  the 

foregoing  fossil.     TIk*  ci-llulift-rous  branches  are  subdivided  ami 

appear  lo  proceed  from  a  common  central  support.     Bridport 

landing,  Vl. 

Stri.i.ipora  (//(///.) 
Thi.s  genus  is  cljaraclerized  by  Mr.  II.  as  being  formed  of  a 
thick  expanding  crust  havinc;  star  shaped  elevations  composed 
of  from  lour  to  nine  rays,  lijc  upper  edges  of  which  present 
nuinerous  elevated  pores.  Fi^.  19,  pi.  7,  is  referred  to  this 
genus  under  (he  name  ofS,  aiilboidea.     Trenton  limpstone. 
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PTEROPODA. 

CoNULABiA  {Miller). 

Shell  straight  pyramidal;  opposite  sides  similar  and  equal; 
angles  grooved;  texture  delicate  and  somewhat  like  a  woven 
fabric;  apex  solid,  and  separated  from  the  open  shell  above  by 
a  simple  imperforate,  very  convex  septum.* 

C.  Tbentonensis  {Conrad). 
PI.  16,  fig.  4. 

Shell  pyramidal,  four  sided,  equal,  and  separated  by  longitu- 
dinal  furrows,  angles  of  divergence  of  two  opposite  sides,  about 
28^;  sides  ornamented  by  numerous  parallel  ridges  meeting  in 
the  middle  of  each  face  at  an  angle,  and  forming  shallow 
grooves;  spaces  between  the  ridges  concave  and  traversed  by 
other  sharp  ridges  and  interrupted  by  the  transverse  ones. 
Trenton  limestone,  cabinet  of  Williams  College. 

C.  GRANULATA  {Holl). 

PL  16,  fig.  5. 

Angle  marked  by  linear  grooves  and  surface  by  striae,  which 

are   crossed  by  finer  longitudinal  ones,  giving  a  granulated 

appearance  to  the  shell  under  the  microscope. — Hall.     Trenton 

limestone. 

C.  PAPILLATA  {Hall). 

PL  16,  fig.  6. 

It  is  described  by  Mr.  Hall  as  gradually  diminishing  towards 
the  apex,  and  as  marked  by  regular  lines  of  granulations,  the 
spaces  between  which  are  elevated. 

C.  ORACILE  {Hall). 

PL  16,  fig.  7. 

Slightly  arcuate;  surface  marked  by  sharp  undulating  trans- 
verse striae,  longitudinal  ones  rather  indistinct. 

*  In  the  Palsontologj  of  New  York,  it  is  stated  that  the  Septa  are  perfo- 
rate; this  statement,  however,  requirea  confirmation.  There  is  no  perforation 
in  a  septum  which  is  well  exposed  in  a  specimen  in  mj  coUection. 


pyramid  elongated:  sides  equal  or  aabwjaal; 
traiMTcne  furrows  meel  in  Lbe  raiddle  of  a  t>a 
at  an  angle  of  130',  The  edges  of  a  side  di* 
v«rge  al  an  ao  aogle  ai~  about  io^.  Both  du 
tiaosrene  and  longitudinal  stn«  are  Stroogcr 
tbao  these  of  the_C.  trentonensis;  there  bang 
moTr  tbao  twice  as  many  in  the  latter  u  Id  die 
species  tuider  coos ideral ion.  The  marldngs 
iia?e  a  general  resemblance  to  the  C.  trcs- 
touensis,  excepting  that  ibey  are  nmcb  ooaiser 
and  tbe  fossil  is  much  larger.  Loraioe  shales, 
Loraine,  Jederson  county.  Cabinet  of  Wil- 
liams Collie. 


I  I'.ISTACEA. 

ft  i-jiibiiicvs  i1jos(:  iiiiLiiials  which  buloncr  to  tht'  subkiiiplora 
Anicuhitii.  TUr.  i.ioru  i>(.>ilL-i-t  orders  of  ibis  subkitiyilom  \,A\e 
a  Irm;  vii.iiiuhir  (jirciiliilioi]  and  a  branchial  respiration.  Their 
tliorax  which  is  covtreil  with  a  abiclii,  conceals  more  or  less  tbe 
the  bead.  Tlie  abdomen  Is  usually  composed  of  many  joints  or 
rings,  but  in  tbis  respect  the  number  varies  from  five  to  seven 
pairs.  There  are  types  of  Crustaceans,  however,  in  wbich  some 
of  the  fi>rf[:;oiiiL;  cbaraclers  are  cli'aced. 

The  crabs  and  lobsters  represent  tbis  cbiss  or  subkingdoin. 

Those  Crustacea,  however,  in  wblcli  tbe  palEonloiogist  is  most 
interested,  ;ire  (lie  i'rilobiles.  This  order  of  Crustacea  deviates 
somewbal  Irom  tbe  true  type  rtpresenting  tiie  class ,  rather  ic 
its  embryo  Ihau  In  lis  mature  slate.  They  torm  an  order,  the 
species  ol  wliicli  are  closely  related.  They  are  all  extinct,  and 
indeed  ibej  bi-Ioug  to  the  oldest  pala'ozoa  of  the  globe.  None 
are  found   in  the  .Mesozoic  period,     'i'he   normal   type  of  the 


Fig.  66. 
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Trilobile  is  expressed  in  the  ordinal  name  which  has  been 
universely  applied  to  them;  thus  the  shield  or  intGi:;ument  which 
covers  lliein  is  divided  usually  Into  three  lobes  by  mesial  fur- 
rows which  traverse  them  longitudinally  and  then  the  anterior 
pari  the  head,  the  middle  or  abdomeo,  and  the  posterior  extre- 
mity are  clearly  indicated  by  luarlis  which  are  easily  rec<^- 
nized.  Thus  in  the  Conocephatus  striatus,  fig.  66,  A  marks 
the  head;  B,the  abdomen,  and  C 
the  tail;  the  latter  is  usually 
called  •pygidium.  The  propor- 
tional extent  of  the  foregoing 
parts  is  variable  in  different  ge- 
nera. The  form  of  the  head  is 
more  or  less  expanded  into  a  bor- 
der, which  is  frequently  orna- 
mented by  granuliitluns,  spines  or 
perforations.  Behind,  the  head  is 
limited  by  a  kind  of  border  which 
is  called  an  occipital  ring.  The 
middle  part  of  the  head,  which  is 
really  one  of  its  lobes,  is  called  a 
glabella;  it  is  not  always  distinct, 
^  for   in    the  Illatnus  crassicauda, 

pi.   IS,  fig.   5,  the  longitudinal   grooves   are   very  indislinct. 
The  parts    of   the   head  are   united   by   suture.     The    prin- 
cipal suture  which  is  seen  in  fig  67,  forms  a  double  curved 
Pig.  67. 


310  AMERICAN  (lf.Vl.O<t\. 

line,  beginning  before,  near  the  front,  h  extends  1 
posterior  angle  of  tbe  buckler,  thus  y  y,  cheek  pieces  separated 
from  the  head  through  the  principal  or  great  suture  in  the  cer- 
aunis  pleurexanthemus.  The  eyes  are  apparenlly  fornieil  upon 
the  type  of  the  infects  of  tbe  prestnt  day,  consisting  of  fixed 
spetical  lenses,  which  are  sometimes  llatlened,  Ihey  are  large 
and  numerous  in  the  genus  Phacops  and  in  the  Isotelus. 

,..     .^  ibis  figure  is  an  enlarged  view 

of  the  compound  eye  of  the  Pha- 
co[is  inacrocepbalus  which  be- 
longs to  the  Devonian  period,  but 
ihe  eye  is  not  more  perect,  how- 
ever, than  those  of  the  Phacops 
calice].ihalus  and  Isotelus  gigas 
of  tbe  lower  Silurian  period.  But 
many  of  the  genera  seem  to  be  deprived  of  eyes,  as  the  Atops 
and  Eliptocephalus  of  the  Taconic  system,  and  the  Triar- 
thrus,  Bechii  of  the  lower  Silurian.  The  number  of  lenses  is 
also  variable  in  different  genera.  They  are  placed  upon  the 
great  or  priiicipiil  sului.'  of  lla-  bead,  or  iimv  il. 

The  abdotjien  is  loiupiK-ed  ol  rin-s  «hicli  are  viiriuble  in 
number  in  thf  ililRnut -,'i-iiei;i,  and,  itidot  il,  in  l(ln^^  ijiitnce  il 
this  mclaiJiorpho?is,  iIil'  nuiiiber  is  vuiiiiLh  in  ueitaiii  spLciesat 
dilferent  peiioils  ol  their  exisleiice.  \i\  lliu  adult  state  l!,e  num- 
ber is  constant  in  ihc  same  species. 

The  boily  of  the  ti  iiobile  being  composed  of  separate  parts 
arranged  transversely,  cuiillcs  it  to  i"ll  ilstif  up  on  its  longitu- 
dinal axi",  as  repnsenled  in  pi.  IS,  _/*>.<.  6,  7,  S,  !».  Certain 
Irilobile;:.  liowe^er,  :iie  incapable  oJ  ptilnnning  this  peculiar 
movement,  ;iiid  of  iissviniing  ilie  globular  or  sphejoiilnl  form 

The  slrncliirc  nf  t!ic  [n^liiiiini  in  as  vaiiiible  as  tliat  of  tlie 
abdomen;  tlie  number  of  i  int^s  is  inconstant;  in  the  oldest  tti- 
lobites,  or  those  of  the  paliciizoic  age,  the  organ  bears  gener- 
ally a  smaller  prcporlion  to  ibe  re^l  of  the  body  ihiin  the  more 
recent;  fii;.  GS  and  GD.  'i'his  is  seen  in  the  Atops  and  Paradox- 
ides,  where  l!ie  pygidiurn   is  reduicd  (o  the  smallest  number  of 
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elements,  and  in  the  Asaphus  expansus,  pi.  18,  fig.  4,  of  the 
Upper  Silurian. 

Pictet,  in  his  most  valuable  work,  "  Traits  de  Pai^ontologie," 
proposes  the  following  modified  ciassiGcation  of  Barrande: 


Fig.  69. 


I.  iftW  verif  distinct  in  its  conforma- 
tion Jivm  the  fygidium,  which  is 
very  small,  and  tlte  thorax  large.    It 
contains  two  genera,  viz:   Uarpes, 
fig.  66,  and  Paradox  ides,  p.  115. 
The  Harpes  belong  to  the  Lower 
Silurian.     It  bas  been  found  in  Ireland 
and  Bohemia,  but  has  not  as  yet  been 
discovered  in  this  country.     It  is  re- 
markable for  iis  wide,  perforated  border 
of  the  cephalic  shield.    It  is  abo  doubt* 
ful  whether  the  Faradoxides  has  as 
yet  been  discovered  in  our  rocks. 


.  Pygidium  and  thorax  subegual. 

It  contains  two  families:  the  Calymenides,  and  the  Lycba9> 
ides.     A  perfect  example  of  the  latter  family  is  known  in  the 
Lichas  boltoni  of  the  upper  Silurian,  and  the  Phacopiens,  in  fig. 
67,  Phacops  limulurus. 
III.  Pygidium  large,  thorax  small. 

It  contains  four  families;  the  Trinuclides,  p/.  y^,fig.  1,  the 
Asaphides,  the  .^glinides  and  the  DlffiDides, p/.  ^^,fig.  5. 
Fig  ■"• 


^liR^Rn\^^ 


m)»))lli:im*5 


I 


I.  Pygidium  from  twn  to  fire  seg- 
men's,  lermiDating  in  points,  as  Acidap- 
sis,  fig.  71. 

The  second  famil},  under  this  section, 
has  the  pygiiliuin  armed  willi  pftrnis; 
but  the  segiaenis  are  luore  numerous 
than  in  the  precediog.  its  the  Aiupbion* 
ides. 

The  third  faniitj,  the  Brontides,  the 
pygidiiim  has  a  very  short  axis,  and  a 
widi'  lateral  extension,  an<i  marked  by 
radinting  lurrows  extending  from  ibe 
centre  to  the  circumference. 


V.   Head  and  pygidium  vtry  nearly  of  the  same  form,  is  Ag- 
nostus,  fig.  74,  d,  Beyrichia,  fig.  74,  a,  b;  p.  218 


I.  Head  and  pt/gidiiim  dh/liicl. 

TlM.NrCLlllKf 

II.  Pygidwm  Inrg.-:  thorax '■m,,!!. 

Form  a  short  tHipsf;  snioolli  surface;  lii^ad  lar;:;i'[j- developed, 
and  bonleri'd  willi  a  ]U'rlor;Hcil  liiiih,  wliich  tcnuiii.ites  in  long 
spines;  t-ephalii-  sliicid  rompnsvd  of  llnee  iirnniincnt  conve.t 
lobes;  tlio  fiirrmvs  nf  ibr  -lalicll^t  .■onvrrL'inir  Inwanls  (bpi.\i?: 
thorax  vvilhsix  ri.i-s,  iboM^  i^f  llic  iw>:i.ii,iii.  v;,ri.ii,l... 
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III.  Pygidium  and  thorax  suhequal, 

Calymemdes. 
Calymene.     Triarthrus. 

This  family  has  about  thirteen  joints  or  segments  in  the 
thorax;  the  large  suture  of  the  well  developed  head  terminates 
in  the  angle  of  the  cheek. 

Calymene. 

The  form  of  the  shield  is  oval;  the  head  larger  than  the  py- 
gidium; and  the  latter  is  about  one-half  as  large  as  the  thorax; 
the  crust  is  granulated;  the  front  lobe  of  the  head  projecting, 
the  lateral  lobes  of  the  glabella  are  globular  and  separated  from 
the  middle  part  by  deep  v^inding  furrows,  which  nearly  isolate 
them,  the  main  furrows  being  divergent  from  the  the  front;  the 
eyes  are  reticulated,  but  not  well  developed;  the  thirteen  seg- 
ments of  the  thorax  are  angulated,  and  the  ribs  or  lateral  lobes 
are  bent  and  rounded  at  the  extremeties;  the  pygidium  is  con- 
vex and  rounded,  and  its  centre  lobe  distinct  and  narrower  than 
the  lateral  lobes.  Tbe  Calymene  senaria  belongs  to  the  Lower 
Silurian,  and  the  C.  blumenbachii  to  the  Upper  Silurian. 

C.  senabia  {Conrad). 

PL  15,  Jig.  16,  and  p.  216,  Jig.  9. 

Shield  ovate,  and  uniformly  granulated;  lobes  very  convex 
and  prominent;  posterior  tubercle  of  the  glabella  very  large  and 
globular;  the  anterior  very  small:  ribs  deeply  furrowed;  pygi- 
dium with  seven  or  eight  segments  in  tbe  middle  lobe,  arid  five 
in  the  lateral;  crust  continuous  around  the  middle  lobe,  and  each 
segment  is  so  divided  by  a  furrow  as  to  form  a  subsegment  to 
each  ring.  If  we  count  the  apex  of  the  middle  lobe  of  the 
pygidium,  which  is  really  divided  from  the  otherd^)q^;a  shallow 
groove,  there  are  eight,  instead  of  seven  segments.  Trenton 
limestone  in  New  York,  the  Blue  limestone  of  Ohio  and  the 
equivalent  rock  in  the  southwest,  Virginia  and  Tennessee. 


^ 


TKiAKruuDH  {Green). 
Shield  or  crust  an  elongatod  ellipse,  with  the  posterior  ex- 
tremity narrower  thnn  tile  anterior;  cni'itcoropnratively  smooth, 
vith  a  single  row  of  tubercles  in  the  middle  in  the  youDg,  but 
oftpn  obsolelE  in  the  old;  furrows  of  tbe  cephalic  shield  parallel, 
straight,  and  in  a  line  with  thoseof  the  thorax;  eyes  none;  axii 
wider  Ihnn  the  lateral  lobes;  thoracic  rings,  fourteen;  rings  of 
the  pygidium,  Hix  in  tbe  middle  lobe,  and  five  in  the  lateral. 

T.  BRCE1I  {Grern).  ^^H 

Calyrnene  beckii  (//<.«).  ^M 

PL  I6.fig.  12. 
GlabelianearlytwiccaswideaxlhclEileral  lobes.nndniarkedby 
twoei)ual,  oblique,  impressed  iineii  upon  Ihe  posterior  half,  whici 
begin  in  tbe  furrow  and  run  obliquely  downwards  and  inwards, 
nearly  to  itsmiddle;  cephalic  ring  distinct,  with  tbe  extremities 
of  the  furrow  parallel  with  tbe  oblique  impressed  lioea;  sorftcc 
rather  finely  sculptured,  as  it  appears  under  the  microscope,  riiu 
groovL'U,  but  uftfii  iiiijifai  I'likeii  and  loundod;  showinir  tlui 
thi!   i^roovv  sop;i;iiii's  llicm   into  two  pails,  and   that   Ihev  are 


-able 


e  huvu-vi 


Inspcrim. 
leiii  tborai- 


ic!i  i 


lull  c  111 


I'llA.ni-. 

Form  an  el  ^iii;iiti-d  I'llipsi'  hroai!  in  front,  broad  nr  acute 
bcliiiid.  SDrla.c  puMiil.'s,',  or  co:ir>,ly  j,'ranu!atfd;  wplialic 
slii;;ld  lunat,;  Ironi  by  i1il>  L'xtL-UMoii  bclii.id  i.l'  tli.-  cheeks.  Gla- 
bella supariilrd  fr-.tn  ti.e  oycs  and  cl.ceks  bv  .Kej.  furrow? 
coiivcr-^'fiit  bi-liiiiii;  eyes  lar!,'e  ami  luiiau-;  thoracic  rinirs, 
eleven;  riiiti-s  of  the  pvL^idi  im  variahle,  but  terminatini;  in  a 
bo.d,i. 

P.  eAlJin.fiiM.rv,  /./.   l.",,   //i;.   7  „  „»'f  7. 

Foiiii  a;i  elon-aleil  .  lli,,^.,  roun.lcl  and  broad  in  iront.  nar- 
row and  siiha.ule  behind;  L'lab.lla,  with  ralber  deep  windias; 
furrowa  separaliuL'  d  oin  its  biiilv  ii  lobe  directly  behind  the  eye. 
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which  is  marked  by  a  furrow  on  its  inner  margin;  front  lobe 
large  and  rounded;  posterior  small,  and  somewhat  in  the  form 
of  a  ring;  rings  of  the  lateral  lobes  of  the  thorax,  grooved; 
rings  in  the  axis  of  the  pygidium,  fourteen  to  fifteen,  and  nine 
in  the  lateral,  terminating  in  a  smooth  border. 

IV.  Illenides. 

Large  smooth  convex;  head  semielliptical  or  globose,  usu- 
ally wider  than  long,  or  transverse;  eyes  distant  and  lateral; 
rings  of  the  thorax  simple,  eight  or  ten;  pygidium  very  convex 
and  trilobation  rudimentary. 

Illaenus  crassicauda,  pL  18,  fig.  5* 

Semielliptic;  sides  parallel,  and  extremities  very  convex  and 
rounded;  anterior  extremity  rather  larger  than  the  posterior; 
eyes  prominent  and  placed  on  a  line  of  the  middle  of  the  pleurae; 
thoracic  rings,  ten.  Extends  from  the  upper  part  of  the  calcife- 
rous  sandstone  to  the  trenton  limestone. 

I.   TRENTONENSIS,  pL  15,  fig.   13. 

Form  semielliptical,  convex  and  globose;  eyes  distant,  late- 
ral; crust  marked  with  imbricating  striae,  similar  to  those  of 
the  Isotelus;  ribs  of  the  thorax  linear  simple  or  without  furrows; 
trilobation  none,  or  only  rudimentary. 

Isotelus  {DeKay). 

Form  ellipsoidal;  extremities  subequal,  smooth  and  finely 
pustular,  convex;  facial  suture  running  at  the  inner  base  of  the 
prominent  eyes,  and  terminating  within  the  angles  of  the 
cheeks;  eyes  placed  on  a  line  with  the  furrows  of  the  thoracic 
rings;  thoracic  rings,  eight;  axes  wider  than  the  pleurae; 
pygidium  similar  to  the  cephalic  shield,  but  more  obtuse;  arti- 
culations soldered;  margin  broad. 

Isotelus  oioas,  p/.  \69fig*  12. 

Large  extremities  subtrilobate,  more  rounded  behind;  becomes 
obtuse  by  age;  eye  piece  subglobose  or  spherical,  supported  on 
the  inner  margin  of  the  cheeks;  rings  of  the  thorax  strongly 
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furrowed  upon  the  uxial  burdt^r;  surface  of  the  pygidiiUtf^ 
marked  with  many  very  shaHow  or  oLisolete  tiansverse  furrows. 
This  trilobile  is  (lie  cliarai:leri»(ic  tbasil  ol  the  Trcotoii  lime- 
stone, being  widely  distributed  in  tiiis  or  its  equivaleot  rotk 
throughout  Ihe  United  Slates. 

V.  AsAI-UIDES. 

Oovciu. 
Tile  large  cnudal  abield,  fig.  72,  has  been  n-ferred  lo  Ogygia 

-Pig-  T2. 


vetusta,  but  is  more  priiljaLIy  an  Asaphus.  Il  was  found  in  itie 
Birdst-yf  lijufslorie  «i  \\,.:  Muhiiwk  v;ilhy:  e  f  ^  h  S),  siuall 
vari.lyofCahiuerii-seiiiiiia:  /i,  llu- <  y.>,sliuwin!:  ili,.  !e[js.->:  U, 
the  foMiiig  of  tilt-  flmiiuic  slji.ld;  f,  tli.-  I'q.halic  shidd; /, 
pygi.iium. 

VI.  Oi,oMui'i.LLii(ii.i;-. 
ALii>A-nsri;i.NTt,M:.N>[s. 
Fi.'.  -'  Tl,is^l.ede^i  l.iis  il  .-^lii.-ld  sub- 

/♦      JO      A  .r....uUilorm,  rounded    and   ,le.i- 

/,  ,#  \       an;.i.s,)rodu.v,i.Nt,.s,>ines;  da- 

^^  ^^,  (^^^tlic  ]io-i(crjoririaii;iti;  thoiiix^iili 

r.>w   ot    suiall  tij|„^ii:l,-s  upun    the 
luteul  loU-^:   jugidium  v.  Ill,  Iw.Mii.^s  ami  luiM-in  spinous. 
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ODONTOPLEURID^. 

Ceraqrus. 

Large  or  small;  form  somewhat  triangular;  pustulated,  granu- 
lated and  spinous;  cephalic  shield  crescentiform;  thoracic  rings 
eleven;  glabella  quadrangular  and  four  lobed;  furrows  forming 
the  lobes  extend  transversely  one-fourth  across  it;  main  furrows, 
separating  it  Irom  the  cheeks,  nearly  in  a  line  with  those  on  each 
side  of  the  axis;  eyes  distant,  granulated;  cheeks  triangular. 

C    PLEUREXANTHEMUS. 

PL  1^9  Jig.  1,  a  to  k. 

Large;  cephalic  shield  terminating  behind  in  long,  robust, 
curved  spines;  a  shallow,  or  wide  sinus  in  front;  thoracic  rings 
with  two  rows  of  tubercles  on  the  axis,  and  three  upon  the  pleurae, 
which  are  sinuously  lurrowed;  pygidium  with  about  four  rings, 
and  its  lateral  lobes  armed  with  long,  stout,  curred  spines,  and 
wider  than  the  axis;  rings  very  prominent.  Trenton  limestone 
ill  Northern  New  York,  in  Ohio,  and  in  Wythe  Co.,  Virginia. 

C.    VIOILANS. 

PL  15,  fig.  2  ato  c. 

Small,  subtriangular;  cephalic  shield  granulated,  crescenti- 
form, and  terminating  in  long,  flat  spines;  glabella  quadrangular; 
entire;  thoracic  rings  eleven;  axis  wider  than  the  pleurae; 
pygidium  triangular;  axis  with  many  rings,  with  every  third 
tuberculated,  terminating  in  a  kind  of  spine;  lateral  lobes  with 
nine  ribs.  Trenton  limestone,  Middleville;  this  species  is  quite 
common. 

AcmASPis. 

Odontopleura. 
Ellipsoidal,  remarkably  spinous,  with  rows  of  tubercles; 
cephalic  shield  subcrescentiform,  rounded  in  front;  thorax  with 
from  eight  to  ten  rings  armed  with  spines;  pygidium  small,  cir- 
cular, and  with  few  rings  and  spinous. 


A.    TKENTONENSIP. 

Cephalic  shield  denlated  in  front  and  produced  into  lateral 
spines;  glabella  subquadratci  lateral  furrows  in  a  line  with 
those  of  Ihe  axis;  pleura;  wltL  a  row  of  tubercles;  eyes  smooth; 
thorax  with  ten  rings;  pygidium  nith  (wo  rings;  margins  pioous. 
Trenton  limestone. 


LYCBASroES. 
Ltchas. 


dl 


Fragments  of  the  genus  Ljchas  have  been  found  in  the  Tren- 
ton limestone,  pi.  l^.Jig.  2a;  and  probably  an  asaphus,p/.  15, 
jSg.  11.  Also  the  genus  Thaleops,  which  is  closely  related  to 
lllienus. 

AoNOSTIDES.  ^^^^^^ 

Cephalic  shield  and  pygidium  nearly  alike.  ^^^^^| 


The  agnostiiles  are  small  or  c 
two  ^biel.!svt■IJ■Imldl  alike;  th« 
very  small,  never  more  than  two 


en  minute  crustaceans,  having 
number  o!  ihoracic  rings  beine 


Blvrichia  siiiFLKx'  {.louts). 
I'ig.  70,  a. 
It  is  described  as  broadly  ovale,  globose,  smoolh;  ventral 
border  rounded;  dorsul  bolder  somewhat  angular;  binge  line 
oblique,  about  two  third.'s  the  h^ni^lh  ol'tbe  valve;  dorsal  sulcus 
i"ainlly  ujarked  on  the  anterior  half  of  the  valve.  The  descrip- 
tion does  not  aijrcc  with  the  fossil,  fig.  74,  u;  both  borders  are 
rounded,  and  the  sulcus  is  variable  in  its  deptli  and  position. 
Reference  is  made  to  li.  logani,  Canada,  and  it  is  probable,  from 
that  reference,  that  it  is  llie  Canada  species.  Abundant  in  the 
Blue  limestone  of  Ohio. 


•  Journal  ot  llie  Girol,  t-uc. 
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Fig.  74. 

c 
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B.    REGULAKIS  (n.  S.). 

Vig.  74,  6. 
Elliptic,  smooth;  dorsal  border  straight, 
or  nearly  straight;  ventral  regularly  round- 
ed, with  three  distinct  ribs;  one  of  the  angles 
is  more  rounded  than  the  other,  and  a  slight 
obliquity  is  observable  in  respect  to  the 

direction  of  the  ribs.     Blue 
limestone  of  Ohio. 


da  b 

R   CILIATA  (n.  s.). 

Fig.  74,  c. 
Form,  an  elongated  ellipse,  smooth,  with  a  straight  dorsal 
border;  ventral  border  strongly  rugose,  ciliate;  ribs  three,  and 
oblique  with  respect  to  the  straight  border.  The  ciliae  scarcely 
come  under  that  denomination,  as  they  appear  too  rugose  when 
seen  under  the  microscope.     Blue  limestone  of  Ohio. 

Agnostus  lo'batus  {HcUl). 
Fig.  74,  rf. 

Small,  trilobate;  base  and  sides  furnished  with  a  narrow 
border;  a  small  tubercle  often  exists  near  its  larger  extremity. 
—Hall,  Pal.  of  JVew  York,  Vol.  i. 

This  species,  which  is  referred  by  Mr.  Hall  to  the  Hudson 
river  group,  is  really  confined  to  the  Calciferous  sandstone;  the 
mass  of  limestone  to  which  he  refers  is  that  rock,  and  contains 
numerous  fragments  of  lUaenus,  similar  to  one  in  the  same  rock 
at  Chazy ;  and  also  found  in  fragments  in  the  Trenton  limestone 
and  calciferous  sandstone  at  Greenbush* 

CypRomES. 

The  animal  is  enclosed  in  a  bivalve  ovoid  carapace,  or  of  a 
reniform  shape,  supplied  with  a  dorsal  hinge,  and  which  is  com- 
pletely shut,  but  when  open  allows  the  extrusion  of  its  feet  and 
antennae.  They  are  small  crustaceans,  some  of  which  are  micro- 
scopic. 


CvTttEKrNA  SUllELl.Il'TIC*  (n.  S,). 

Form  Bubelliptical,  smooth}  dorsum  nearly  straight,  snmttime* 
ainuBte;  anterior  edge  with  an  oblique  <runc<iti»n  extvmling 
from  the  binge  to  the  anlerior  edge,  and  lorniin^  a  kind  of  short 
beak;  ponleiior  and  anterior  edges  rounded;  il  is  alxtiit  thrre- 
fourihs  of  an  inch  long.  Il  is  abundant  in  the  upper  part  of 
the  ralril'erous  sandstone,  about  one  mile  from  Watertown  upon 
the  Black  river.     Fig.  75,  a. 

C   CRENULATA  (fl.  S.). 

Oblusely  oyal,  smooth,  in- 


Fig.  ■ 


flaleil;  hinge  straight  wilb 
the  valves  cxtemied  back, 
and  forming,  apparently,  a 
groove;  extremitiearounded; 
anterior  edge  crenaie.  Fig. 
75,  d,  c,  hinge  or  dorsa]  side. 
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Prof.  Owen  describes  five  species  of  Dikelocephalus,  viz:  D. 
minnesotensis,  D.  pepinensis,  D.  miniscaensis,  D.  lowaensis, 
D.  granulosus.  They  all  belong  to  the  lower  sandstone,  No.  1; 
but  some  pass  up  into  the  lower  magnesian  limestone.  Dr. 
Owen  has  also  discovered  other  forms  of  trilobites,  some  of 
which  constitute  new  genera,  and  a  new  species  closely  allied 
to  the  Isotelus  gigas,  having  a  facial  suture,  eyes,  extremities 
and  ribs  similar  to  this  common  form  of  Trenton  species;  the 
eyes,  too,  are  placed  on  longitudinal  furrows  as  in  Isotelus.  It 
differs  from  the  Isotelus  in  having  its  cheek  produced  into  a 
long  spine. 


t  •  •  » • 


RADIATA, 

The  kingdom  contains  those  animals  whose  constituent  parts 
are  arranged  about  a  centre  in  a  radiate  form.  This  radiate 
form  is  characteristic  of  one  of  the  four  great  types  upon  which 
animals  are  created.  Radiated  animals  are  divided  into  three 
classes.  The  Echinodermata  or  Starfishes,  the  Acalepha  or  Jelly  - 
fishes,  and  the  Polypi  or  Corals.  The  Jellyfishes  being  composed 
of  soft,  perishable  matter,  are  never  found  in  a  fossilized  condi- 
tion. In  the  Lower  Silurian  rock's  the  animals  belonging  to  the 
other  two  divisions  occur. 

The  first  which  I  shall  describe  belong  tD  the  Echinodermafay  or 
Echinodermis.  The  name  which  has  been  applied  to  this  division 
means  skin  with  spines.  These  appear  under  three  forms.  1. 
the  starlike  form,  as  the  starfish  of  our  coast.  2.  The  Echinidse, 
the  egglike  form,  which  are  called  sometimes  sea-eggs;  and 
3.  The  Ilolothuridae,  which  are  mostly  sack-like,  and  contain 
only  a  few,  internal,  semi-ossified  supports,  but  do  not  occur  in 
a  fossilized  state. 

Only  two  forms  of  the  Enhinoderms  are  known  to  belong  to 
the  Lower  Silurian  period.  One  which  is  like  the  starfish, 
and  the  other  which  is  supportecl  upon  a  jointed  stem,  which 
was  attached  to  the  sea  bottom.     To  the  latter  form  has  been 


applied  the  name  Encnjiife.     The  general  fonn  oft] 

is  exhibited  in  IIjg  nnnexed  wood  cut  of  iheEucalj-ptocrinus  if 

corus  of  the  Niagara  group,  or  Upper  Silurian. 
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separate  from  each  other.   The 
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fined  combination  of  plates  occur,  or  have  yet  been  found,  it  is 
difficult  to  determine  the  genera  and  species  to  which  they 
belong.  Some  of  the  elements  of  the  columns  belong  to  the 
Cystidea.  Some  of  the  plates  preserve  the  ovarian  aperture, 
and  exhibit  the  saucerform  joints  of  the  stem. 

Of  the  Echinoderms,  two  species  have  been  discovered  by 
different  individuals,  and  which  have  been  described  and 
figured  in  the  Palaeontology  of  New  York.  The  most  distinct 
and  perfect  resemble  a  small  star-fish.  It  belongs  to  the  genus 
Ccdaster  of  Agassiz.  Two  species  are  described  the  C.  matu- 
tina,  and  the  C.  tenuiradiata.  The  five  arms  of  the  C.  matutina 
have  each  three  rows  of  plates  to  the  pelvis.  It  belongs  to  the 
Trenton  limestone.  The  latter,  the  C.  tenuiradiatus  is  known 
by  a  single  plate,  or  the  madreporiform  tubercle,  of  the  back  of 
an  asterias.     PI.  3,  fig.  11,  is  a  figure  of  the  plate. 

Glyptocrinus  {Hall). 

Head  conical;  pelvis  composed  of  five  plates,  the  remainder 
are  hexagonal  and  six-rayed,  and  the  entire  series  consists  of 
nine  rows.  The  peculiar  sculpturing  of  the  plates  form  an  ar- 
rangement which  will  serve  to  identify  this  beautiful  fossil  of  the 
Blue  limestone  of  the  west.  .  The  elements  of  the  upper  part  of 
the  column  are  round  with  fine  and  stellate  sculpturing  upon  the 
disc,  the  lower  and  larger  plates  are   crenulated  upon   their 

margins. 

Heterocrinus  {Haliy 

The  number  of  pelvic  plates  is  five,  the  series  is  composed  of 
this  number  throughout,  but  the  rows  vary  from  four  to  nine. 
The  head  is  small,  short,  and  tapers  from  the  middle* 

H.  DECADACTYLU8. 

The  column  is  composed  of  pentagonal  plates  with  stellate 
disks  and  a  central  tubercle  or  eminence;  sides  sinuous  and 
margins  of  the  disc  sculptured  with  elevated  stellate  lines  or 
ridges. 

It  occurs  in  the  Loraine  shales*  The  small  cylindrical  heads 
are  not  uncommon  in  the  fine  soft  slates  of  this  formation. 


ScvPMCCKiNus  {Xenixr), 
Schizocrinas  (//«//.) 
The  base  of  the  series  of  plates,  five;  the   head'  cup  form, 
and  the  series  in  six  lows;  band  and  fingers  l>i furcate. 

S-  NODOSUS. 

Column  long,  round,  composed  of  elements  of  variable  forms 
or  patterns,  according  lo  their  distatice  fioin  the  head.  The 
most  obvious  character  consiata  in  ibe  reg-ular  occurrence  of 
projecting  nodulose  plates,  or  ralher,  their  margins  are  some- 
what moniliforiD.  Their  discs  are  finely  sleilaled.  Trenton 
liraeslone. 

PoTEKit>CRiNus  {MiUer). 

The  cupform  calyce  is  couiposeil  of  a  pelcis  with  five  plates  id 
Ibe  base  of  the  series.  There  are  five  additional  series,  one  com- 
posed of  rather  large  hexagonal  elemvnls,  and  the  last  hepla^ooal 
ones  which  arc  connected  with  the  arm  plates. 

P.  ALTEBNATUS. 
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CuPULOcKiNLs  i^d'Orb.). 

Scypliocriniis  {Hall). 

The  saucer  shaped  pelvis    is  composed   of  five    pentagonal 

pieces,  and  the  head  is  made  up  of  five  series  of  elements,     Tk 

five  arms  bifurcate. 
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C.  HETERfJCOSTALIS  {Holl)* 

The  column  is  round.  The  alternation  of  the  plates  is  some- 
what peculiar  as  described  by  Mr.  Hall:  the  first  from  the  pelvis 
is  a  plate  with  crenulated  edges;  second,  a  thicker  joint  with 
a  round,  smooth  edge;  and  third,  a  thin  one  with  a  fimbriated 
edge.     Trenton  limestone* 

Tentaculftes  flexuosus* 

Shell  small,  free  and  regularly  tapering,  section  circular, 
surface  annulated,  annulations  sharp  and  irregular  in  their  dis- 
tance from  each  other;  longitudinally  sti  iated  and  somewhat 
bent  or  flexuous.  This  species  is  about  one  inch  long  and  about 
a  line  in  its  greatest  diameter,  from  which  it  tapers  to  a  point; 
it  has  sharp,  raised  annulations  or  sharp  ridges  with  strise 
between. 

In  the  Blue  limestone  of  Ohio,  there  is  a  perfectly  straight 
one,  and  smaller  than  the  flexuous  one.  It  may  be  a  variety  of 
the  latter*    Trenton  limestone,  Loraine  shales. 


ZOOPHYTES, 

Or  Polypi,  possess  a  structure  which  serves  at  once  to  distin- 
guish them  from  the  Bryozoa  and  Sponges.  The  character  of 
the  former  has  been  already  stated,  while  of  the  latter  it  is 
necessary  to  say  that  their  tissues  are  reticulated,  and  at  the 
same  time  traversed  by  wide  and  winding  aquiferous  canals,  and 
that  their  hard  parts  consist  of  simple  spicula  which  are  pecu- 
liar to  this  class  of  animals. 

The  hard  or  stony  tissue  of  polypi  or  corals,  has  b^en  tech- 
nically called  sclerenchyma.  It  belongs  to  the  tegumentary 
system,  or  rather,  it  is  a  product  of  this  system.  The  organiza- 
tion of  the  Zoophite  being  quite  different  from  that  of  the 
Molusca,  its  hard,  imperishable  parts  are  necessarily  quite  dif- 
ferent. The  former  has  but  a  single  orifice  for  the  double 
purpose  of  the  reception  of  food  and  the  rejection  of  the  excre- 
mentitious  matter.    Its  digestive  cavity  is  a  sack,  and  what  is 

29 


iMEBICAK   GKOUOOr. 

extciior  to  the  digcslive  surface  lias  ihc  properly  ( 
the  sclereacbyma  wliicb  begins  to  be  formeii  ut  a  central  pciat 
at  the  iaferior  part  of  the  atODiRch.  It  is  liere  the  process  of 
calciRcatioD  begins,  and  from  this  it  extends  upward  inclosing 
the  gastric  cavily  in  a  cup,  or  ctll  whose  lorn:  will  varj  according 
to  iLe  c!  arai'ter  of  tht  individual  whith  oiciipivs  it  or  is  ils 
maker.  The  cup  or  cavity  may  bccylindricul,  or  brosd  stellate 
open  throughout  or  closed  at  the  bottnm.  This  cell  or  cavity 
in  the  stone  corals  is  never  perl'cctly  Aiiople,  as  the  wall  pf 
calcified  tissue  ^rows  upward,  vurtieal  lamina  fottniDg  paili- 
tions  grow  from  the  inner  surface  towards  the  centre.  Tbdr 
number  is  always  the  e>aine  in  the  same  species.  These  lamjna 
or  vertical  plates  are  colled  sfpla.  If  tttpy  ri'acb  the  centre 
and  unite,  they  form  a  kind  of  vertical  axis  to  the  cell,  whitli 
is  the  cotumdi a.  The  spaces  between  (he  septa  are  called /acu/i. 
When  the  outer  surface  of  calcified  wall  sends  out  ridgi:*  or 
spioea,  they  form  eotlie.  The  whole  cell  with  its  modilicalioDs 
forms  a  calire.    In  certain  rnmitibs  the  caliLe  is  open   at  bolb 


there  is 
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free  or  fixed,  fhf  transverse  section  is  usually  round,  as  the  Tur- 
binolia-  The  second  mode  is  by  buds  which  results  in  the  ag- 
gregation of  individuals,  but  each  individual  is  perfectly  distinct 
from  the  others;  tbe  calice  is  generally  circular,  as  in  fig.  79, 
the  Favaslrs  rugosa.  The  last 
mode,  by  division  or  fissiparity, 
I  the  individual  is  divided  and 
forms  two  individuals,  this  form 
also  results  in  the  aggregation 
I  of  individuals;  the  calice  is  irre- 
'  gular,  or  oval,  the  elongation 
being  the  first  step  towards  a 
division  of  the  individual.  The 
form  therefore,  of  the  calice,  to- 
gether with  its  mode  of  aggre- 
gation are  important  generic 
characters.  The  Polypiers  are 
divided  by  M.  Milne  Edwards 
into  three  orders,  the  Zoantharia, 

the  Alcyonaria  and  the  Hydraria;  the  two  former  only,  are 
represented  in  a  fossilized  state. 

The  general  characteristics  of  the  subkingdom  Zoophita  are, 
animals  formed  for  a  sedentary  mode  of  life,  being  provided 
with  a  circli;  of  retractile  tentaculae  around  the  month,  and  a 
central  gustric  cavity  with  only  a  single  orifice,  and  in  which 
are  lodged  the  reproductive  organs. 

The  CoRALLARiA  which  forms  a  subclass  under  2oophyta,  em- 
brace the  calcareous  corals  which  in  form  may  be  tubular, 
cyatlioid  or  discoidal,  but  exclude  all  tbe  cylindrical,  tubular  or 
horny  sprigs,  which  bear  bell  shaped  cells  for  the  reception  of 
contracted  tentaculse. 

The  Zoantheria  embrace  most  of  the  known  fossil  stony 
corals.  They  have  either  a  conical,  tubular,  simple  orarbo* 
rescent  forms,  and  an  internal  gastric  cavity  divided  vertically 
by  a  circle  of  septa,  radiating  from  the  internal  wall  of  the 
corallum. 


Family  Cvathophvflids, 

ThSBiaily  embraces  tLosi-  corals  whose  septa  are  incomplete, 

or  septa  which  do  not  extt^nd  Irpm  the  bottom  to  the  top  of  tb« 

eral  cbamhtr,  in  the  Ibnn  ol'  unitiiernipibil  lamina. 


"CoralluRi  simple,  and  diString  from  Cyatbophyllum  by  the 
structure  ol  the  wall,  which  is  destitute  of  Kpitbecu,  and  coveittl 
with  sublamellar  costs." — Ml.  Edward),  ^^H 

&  EXFANSA,  jtL  3,  jig.  6,  7.  i 

Small,  turbinate;  cup  deep;  septa  numerous.  It  is  often 
iTOrD  down  so  as  to  present  a  forked,  triangular  form.  Chazy 
limestone. 

Mr.  Hall  has  described  five  other  species  belonging  mostly  to 
the  Trenton  limestone,  viz:  profunda,  comiculum,  crassa,  mu/ft* 
lamellosa,  parvitla. 

Family  Fatositidje.  ^ 

"  The  coral  is  formed  of  lamellar  walls,  with  little  or  no 
ca.'nentliyina;  visceral  clianibers  divided  by  numerous  and  well 
developed  complete  tabulie," 

The  family  is  divided  into  two  tribes:  I.  favositida;,  the 
corallum  massive,  with  its  wails  perforated  and  its  septa  rudi- 
mentary, no  cceneiichym.T,  2.  Chretetinii',  corallum  massive, 
walls  not  perforated,  neither  sepia  nor  ctcnenehyma?. 


The  genvis  Cha-tctes  is  now  retjarded  as  a  Ibssi!  of  Carbon- 
iferous limestone;  and  the  lossils  which  hail  been  r^forred  lo 
Fischer's  genus,  are  now,  in  pari,  placed  in  Monticulipora, 
(f/'Ort.).  Jn  the  Chieteles  the  _/i.«//J(irous  mode  of  reproduction 
prevails,  while  in  the  Monticuliparnus,  (he  moiieof  rtproduclion 
is  i^KiinnipaTiiiis. 


MoNTicuLiPOSA  {d'Orb.). 
MoDticulipora  petropolitana. 
Favosiles  lycoporiites  {Vanuxem). 
Chictetes  lycoperdon  of  various  authors,  in  part. 
^_  ^^  The  species  is  Ihus  defined,  by  MM. 

Edwards  and  J.  Haimes.     Corallum  in 
geiiural,  free;    basal  plate  flat  or  con- 
cave, and  completely  covered  with 
concentrically  wrinkled  Epiiheca; 
upper  surface  regularly  convex; 
.  tabulse  complete  and  horizontal. 
The  calices  are  unequal  in  size,  polygonal,  soraelimes  round; 
the  largest  one-fifth  of  a  line  in  diameter;  the  floors  and  tabulas 
are  about  one-twelfth  of  a  line  apart.     The  fossil  is  one  of  the 
most  common  in  the  Trenton  limestooe. 

PAVtSTBLLA  (^Holl). 

Coral  massive,  cellu- 
*  lar,  hexagonal;    septa 

about  twelve;  cell  walls 
with  interposed  ccenen- 
cbyma. 
^^  -v  ^-fn  vmi—lfllff  ^*  *'^"^T*. 

^vS^J^ijf  oK^^Sr  Corallum  hemtaphe- 


^^^^S'^  im^B        ^""^  soldered,  aod  the 


090^^  iIBhmBv         ^"^  ^^^  "^^  separable, 

like  the  Favosite;  Ta- 
bulae nearly  direct.  Lo- 
raine  shales.     Fig.  81. 

COLUUNABIA  {GM/iiti). 

C.   ALTEOLATA. 

PI.  4,  fig.  10. 
Corallum  massive,  convex;  calices  arranged  in  parallel  radia- 
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Ung  columns;  hexagonal;  walls  furrowed  and  separable,  and 
without ciEntnchyma;  seplararely  if  tvcr  meet  and  Ibrmacolum* 
ella,  often  obtoU-te.     Chazy  and  Birdseye  limestone. 

Receft*ciiutkb  neptuni. 

PI.  U,fig.  1. 

This  fossil   is  descrilied  by  Mr.  Hall  as  subnrbicular,  heiii- 

sphcncal;    depressed    in   the    centre;    it   presents    a    series   of 

quadrangular  cells,  within  which  there  is  a  vertical,  cj-Iindnn 

tube  opening  upwards;  opening  not  entirely  circular. 

R.  cmcoLAKis  (n.  s.),Jig.  82. 

T^is  coral  is  in  fbe 
form  of  a  tbict,  flat- 
tened ring,  studded  with 
circular  cells,  arrangeij 
in  regular  lines  traven- 
L  Mng  it  rather  obliquely. 
I'lt  belongs  to  the  Lorarne 


ii 

e"ni- 
s  of 


Aui.oroR. 

V  ((;.wy,«.). 

Aiilojwii  ara< 

:linoi.lca,7(V.  «3. 

Parasilii:,  fine  iuid  wuli-like 

,  ramiiying,  branching; 

branches 

anastomosing  will]  each  other 

;    tubes  linear,  narrow, 

enlarged 

at  lliu  point  whuii'  tlif  oviil,  s 

iiglilly  elt^vat.'d.  inoulh 

is  placed. 

Figure  very  much  uiiignillLd. 

Trenton  limestone. 

plants  of  the  lower  silurian  rocks.  231 

Graptolites. 

Diplograpsus  pristis. 

Graptolites  dentatus  {Vanuxem^s  Report). 

PL  12,  Jig.  3. 

Stem  narrow;  serrations  acute;  numerous  varieties  occur  in 
which  the  serrations  are  more  obtuse;  the  stem  widens  near  its 
distal  extremity,  and  is  subject  to  variations  from  causes  which 
aflect  the  integrity  of  the  rock  in  which  it  occurs.     Utica  slate. 


<  ♦  ♦♦-»• 


PLANTS  OF  THE  LOWER  SILURIAN  ROCKS. 

The  plants  which  have  hitherto  been  discovered  in  the  lower 
Silurian  rocks,  are  without  doubt  marine.  They  are  mostly  in 
the  condition  of  casts;  the  interior  parts  being  replaced  by 
amorphous  matter  We  have  not  as  yet  found  any  in  which 
the  tissues  are  preserved,  so  as  to  affoid  us  any  clue  to  their 
structure.  This  is  not  all,  it  is  the  stem  only  which  is  preserved, 
its  form  being  more  or  less  distorted,  while  the  softer  and  more 
perishable  parts,  the  leafy  appendages,  are  rarely  met  with. 

The  stems  are  more  or  less  round,  but  somewhat  flattened. 
These  casts  usually  exist  in  an  entangled  thicket,  so  as  to  ob- 
scure still  more  their  most  common  characteristics. 

In  the  lower  part  of  the  calciferous  sandstone  we  meet  with 
the  first  beds  of  these  obscure  plants,  which  occur  in  what  have 
been  called  fucoidal  layers.  The  presence  of  these  beds  proves 
that  a  marine  vegetation  must  have  been  luxuriant  in  certain  lo- 
calities. The  fact  itself,  the  existence  of  beds  in  the  early 
palaeozoic  period,  is  that  which  most  interests  us.  This,  taken  in 
connection  with  the  probable  fact  that  no  land  plant  existed  in 
the  lower  Silurian  period,  is  one  of  the  most  decisive  proofs  that 
there  has  been  a  progression  in  the  order  of  creation  and  that  that 
])rogression  may  be  observed  as  well  in  the  vegetable  as  in  the 
animal  kingdom.     It  is  admitted  by  our  most  acute  and  learned 


FucoiDES  DEUissus  [Cimrtui). 
Phytopsu  tubulosuin  (^llall). 
In  the  Birdscyc  limestone  the  characteristic  fossil  has  been 
rererred  to  the  vegetable  kingdom.     I  allude  to  the  Fucoides 
demissus  of  Uonrad,  the  I^ytopsis  tubulosuin  oT  Hall. 

Rg.  84,  I"  ray   Geological  Report 

of  the  second  district  of  IS'ew 
York,  I  expressed  the  opin- 
ion that  this  fossil  belonged 
rather  lo  the  animal  than  the 
vcgelable  kinj 

tainjy  has  few  characters  in 
common  with  the  vegetables, 
whether  we  regard  its  exter- 
na! form,  its  growth,  anasto- 


L'St' [H-ciilinrilies.  1  observed 
ii[>oi)  its  surlact.';it  many  iihices  c|>eii  circular  ci-ils  which, under 
tliu  mii:rosuo])t'  apju'aiLiI  lo  be  conriL-cled  with  its  internal  ct-l- 
liilar  siruclure.  Tlifsc  cylls,  it  is  true,  m^iy  be  incrusting  ones; 
and  foreign  lo  tbu  fo>sil,  slill,  ihey  appear  connectuil  at  (heir 
bases  am!  sides  wilb  the  structure  of  the  fossil.  Il  so,  it  appears 
that  the  I'hytopsis  iiiay  be  a  Biji-znon,  inasmuch  as  those 
cells  which  apptar  attached  to  its  external  surface  belong  to 
this  division  ol'  the  Molusua.  It  is  clear,  lioweve.,  that  il  is 
not  a  coral. 

PI.  I,  fig.  I-J,  13,  exhibits  its  mode  of  growth  traversing  a 
bt^d  vciliciliy,  arialoui'ising  ;irid  ili verging  without  sliowing  that 
it  lias  a  maiji  axis  of  de^cl<l[mlent  like  a  plant.  Fig.  S4  ex- 
hibits ils  structure  obscurely,  iis  it  appears  when  upon  the 
weathered  surface  of  the  Birdseyc  liiuestone- 


APPENDIX, 

Containing  additional  Descriptions  of  Fossils  of  the  To- 
conic  and  Lower  Silurian  Systems. 


GASTEROPODA. 

Straparollus  planistria  {Hall). 

PL  A,  fig.  16,  17. 

Shell  small,  depre^ed;  yolutions  three  or  four;  outer  yolu- 
tion  sharply  augular;  striae  flat  and  plain. 

Bellerophon  profundus. 

PL  \ljig.  7. 

Volutions  about  three,  contiguous,  marginated,  direct,  gradu- 
ally increasing  in  size;  umbilicus  deep;  aperture  somewhat 
lunate.    Watertown,  in  the  lower  part  of  the  Trenton  limestone. 

Pleurotomaria  percarinata. 

PI*  ^.fig.  7. 

This  fossil  is  found  in  the  Trenton  limestone  at  Middleville, 
associated  with  Atrypa  hemiplicata,  Cyrtolites  compressus, 
and  C.  trentonensis,  fig.  22.  The  gasteropoda  of  this  locality 
thougli  numerous,  are  rarely  smooth  and  perfect,  and  hence 
there  is  some  difficulty  in  identifying  them. 

P.  SUBTILrSTRIATA. 
PLdyfifir.  11,  12. 

Small,  conical;  spire  depressed;  volutions  four  or  five; 
smooth,  or  the  striae  extremely  fine;  aperture  transverse  and 
subtriangular.     Trenton  limestone. 
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SU  AHEIllCUt  OErLOOt. 

UiBcouTiLn  (it.  g). 
Shtll  minute,  Hiscoiit;  voluliDnK  otw  or  two;  texture  corneo- 
calcareflus;  section  circular,  or  appaitntly  so;   sperturc  round; 
no  dilatation. 

D,  uiNtiTUs(n.  5). 
Shell   microscopic,   convolulc,    very  tliin,  etnooth,    glnstjr, 
brown  and  fragile;  vulutions  direct,  scarcely  coQtigtious;  um- 
bilicus distinct,  smooth.     It   occurs   rallit-r   abuodnntly  ia  the 
Blue  limestone  of  Cincinnati,  associated  with  Berichia. 


I 


ACEFIIALA. 
Cabdiohorpua  SUBUUGULATUS. 
PI.  12  fig,  7. 
Edmondia  subangulatus  [Hall). 
Shell  large,  wide;  ventral  marf^in  widf,  rounded;  uiubone» 
rather  prominent  and  thick  or  obtitsc;  no  inciirvalinn,  prmni- 
nence  of  the  umboncs  extending  iu  a  low  ridge  towards  tlie 
ventral  mart'ii'.  Surface  marked  with  concentric  lines  of 
growth. 

l.\..-.-.[i  Vi,n-.r>. 
(■anii<>)u..i|,l,awtiU;i  (;/-<'/. 

/'/-  1;;.  /;^.  ... 

Fomisulirlioiiib.ii.hil;  uial.oKo  pi  Oi,, In.  hi.  ol,til^c■,■   lr)r  l   ;.- 
centric  suilacc  liln.'^  Lallur  ^ii!r!;;j.  ili>i,iii;,  wiiJi  lirn'i-  inifiiiiMli- 


upon  IIli:  C^Lst. 

L.   „,:,.,,■.,  («-0,i.) 


liBACUIOI*ODA. 

OllTlIlS  COSTALIS  {Hall). 

PI.  3,fi!;.  26  a  band  21  c  b. 

Valves  stronijly  plicated;  simple,  valves  unequally  convex; 

ventral  quite  convex,  tliu  otliiT  rather  flat;  plaits  about  Ihirty- 

Iwo,  rounded;  area  Jalher  large,  triangular.     This  fossil  occurs 

in  tbin  beds  in  the  Chazy  limestone,  particularly  near  the  vil- 

lage  ofChazy,  Clinton  couiiiy,  N.  Y. 

StKOPHOMKXA    INSCULPTA   (Holi). 

I'l.  3,  Jig.  22. 
Small,  valves  semicircular;  margin  thickened;  stride  sharp, 
elevated.     Appear  in  the  upper  part  of  the  calciferous  sanct- 
stonu,  but  more  abundant  in  the  Chazy  limestone. 

S.  FiSCIATA  {Hall). 
PI.  3,  fig.  24. 
Semielliptic.al,  somewhat  punctated;  strise  bifurcate  near  the 
margin.     Chazy  limestone. 

S.  LAEVIS, 

PI.  3,  Jig.  8. 
Rather  small,  semielliptical,  smooth.     Birdseye  limestone. 

SpiBlFEtt    TnENTONENSlB. 

PI.  15,  fig.  20. 
The  spirifer  occurs  in  the  upper  or  gray  portion  of  the  Tren- 
ton liijiuhione,  at  Watertown. 


CRUSTACEA. 
Illaends  abcturus  {Hali). 
PI.  3,  Jig.  li. 
The  ilislinctive  characters  appear  in  the  width  of  the  cepha- 
lic ii)be  at  its  junclion  with  the  thorax,  the  lateral  extension  of 
the  clieek  pieces,  anil  in  the  more  distinct  derelopment  of  the 
lobes  ol'the  cephalic  shield.     It  belongs  to  the  upper  part  of  the 
calciierous  sandstone.     Chazy. 

ASAPHIIS   UABOINAUS. 

PI.  3,  Jig.  16. 
Axis  with  seven  or  eight  distinct  articulations;  laterailobes 
furrowed  or  with  false  articulations;  margioa  entire. 


lsoTKi.ua  c 
PI.  3,  fig.  17,18,  19. 
The  margin  of  the  cauttiil  shield  is  traversed  with  a  ratber 
deep  ttirroM*  or  i^hannel:  figs,  17  and  19  were  found  by  myself 
ai  Chazy,  in  the  calciferous  sniidstone,  ami  were  regarded  by 
Mr.  Conrad  as  new.  In  fig.  17  the  ainrgin  only  was  preserFed, 
the  middle  part  having  been  worn  away. 

ASAPHUS  OBTL'SUS. 

PI.  3,  Jig.  14. 
This  fragment   has   received   the   nnme   Asaphns    oblusut, 
though  loo  imperfect  for  determination. 

Calvmene  coNRAm{n.  s.). 
Small,  wide  across  the  rheelcs;  cheek  angles  obtuse  or 
rounded;  posterior  lobe."  of  the  glabella  comparatively  large 
and  ^lobular;  thoracic  lobes  very  convex,  with  a  row  of  tuber- 
cles in  the  furrow  or  between  the  axis  and  lateral  lobes  Lo* 
raine  shales. 


GRAPTOLITHINA. 

« 

Dirt.oGRAr^us  LArr.MATA  (ri 

.  s,). 

Sicm  nnr 

/v.  l.j!g.-2-l. 
row,, ■ell  inoiilh_^;in;iri.j,.d;  \;k; 

/V-    1.  /(>.  L>0. 

(liatf,  or 

■  <;as!ied  j^er- 

Slt-m  rou 
jearing  scl; 
nay  be  obli 
fvidfntly  ii 

ndo.]  iii    lliv  i\tr.;nili,-.  .ell  t 

lcr,iU'd   In   ;ilMin.s|ii,riic  mliiuMi. 
iji.rrd.  ^iiul  prni,;,I.K  li;is  liM  il; 

Din.'.  ini-si>. 

/v.  i./,v.  :!. 

)r  serrations 
Miltte.  nr  it 

is   S[H-.'ifS  h 

iU-L:tj(j],iiI. 

It  is    thill 

jbscure  10  1, 

,   iilivi"   cnvii   ;ind  li.liii,->.oiis,  i, 
r  deUTiiiiiic.l  \viUuvi1;iiriI\. 

ul    il>  ell 

aiaclors  to- 

Cell  inoiJllis  ^ilu;lk■ll  \ulii  or   u[,on    tin    siiL-^nliiiii.' 
foliolfs,  which  aiosubiicuto. 


DESCRIPTION  OF  PLATES. 


*  ^  ♦ 


PLATE  I. 

[Notes  respbctijto  Pl\te  I.— Fig.  4,  which  is  referred  to  Orbicula  is  an  outoidc  cant  In  a  rery 
poft  slate :  it  has  been  impoMible  to  determine  the  textnre  of  the  shell.  It  resembles  an  Ancylu* 
in  Khape  and  direction  of  the  apex,  but  there  are  no  certain  marks  by  which  I  can  determme 
whether  the  apex  is  directed  forwards  or  backwardn.    It  will  probably  prove  to  be  a  Ileldon. 

Fig.  9. 1  have  allowed  to  stand  as  in  the  text  a  lingala,  bat  the  state  of  the  raWe  at  the  umbo 
and  the  delicacy  of  the  fossil,  and  the  softnew  of  the  rock  has  raised  a  doabt  in  my  mind  respect' 
ing  its  perfcctioa.] 


Fig.    1. 

2, 

3. 

4. 

6. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
If). 
16. 
17. 
18. 
19. 
20. 
21. 


Cjpricardia. 

Lateral  view  of  the  mouths  of  cells  of  an  indetenninate  species. 
Diplograpsus. 
Orbicula  excentrica. 
Diplograpsus  dissimilaris. 
Nemagrapsus  elegans. 
do  capilaris. 

Microdiscus  quadricostatos. 
Lingula? 

01>0lU8  ? 

Di])lograpsus  secaliniuk 
Cladograpsus  sp.  indet^ 
Diplograpsus  foliosus. 
Cladograpsus  dissimilaris. 
Atops  trilineatus. 
Lingula  striatus. 
Eliptoceplialus  asaphoides^ 
Diplograpsus  ciliatus. 
Glossograpsus  setaceus. 
Staurograpsus  diohotomous. 
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26.  Ortliiri  c-ostalis. 

'21.  Alrvpa  acutirt)stra. 

"1>.  a  bj  Atrvpii  jdciia. 

*J;.*.  Atrypii  i)licifora. 

:ji».  Atrvpa  aliilLs. 


PLATE  IV. 

Fig.    1.1a,  and  14,  Ptilodietya  ramosa. 
•J.  Stiapiiralluri  labiatus. 

.*].  and  14,  Ptilodietya  labyrinthica;  3,  enlarged. 
4.  Bt'Ucroplioii  sulcatiims. 
Ti.  Cast  of  tln»  Ortliis,  tpstudinaria. 
t).  ()rbi('iiloid<?a. 

7.  Jiingiila  prima. 

8.  Orthocera  inulticameratus. 
1».  Lingula  aomninata. 

1  (•.  Coluiunaria  al voolata. 

11.  Murchiiisonia  abbreviata. 

12.  Fucoidrs  dmiissiiH  enlarged  celld. 
i;j.         do  do 

15.  Straparolhis  magnii.«<. 

1«I,  17.  t^calites. 

1^,  22.  Ptilodietya  labyriiithica,  pores  enlarged. 

21.  Scalites  autailatus. 

20.  Sealites  striatus. 


PLATE  V. 

Fig.    1.  Straparolhis  levatus. 

2.  S.  eomplanatus. 

'S.  Crinoideaiiplato. 

4.  (.)rtlioepra.s  priniigenius ;  4,  a  6,  Pleurotomaria  umbilicata. 

r>.  Pleurotomaria  indenta,  left  comer ;  and  P.  ambigua,  right  comer. 

0,  and  11.  Mun^Uinsonia  bicincta. 

7.  Pleurotomaria  i)ercariuata. 

8.  18  a  18  6,  Turbo  obliquua. 

12.  1  a  6,  Murehiusonia  bellicincta. 

13.  M.  abbreviata. 

14.  14  a,  Lituites  undatus. 
17.  Turbo  symmetricTis. 
22.  Cyrtolites  trentonensis  f 


Fig.    I.  1  a,  b,  d,  PlUodiclya  rectn. 

3.  0,  6.  c,  PtUodirtyi  *i 

4.  atog,  PIllodiDtrae] 
G.  Enaliopora  pmntlqiuL 
G,  Auk.iifini  arai  liii.jidep. 


0,1,,  f 


10.  Sl-ll 

11.  Dii.l 

ui;n.pMi^  i.Lii 

PLATE  VIII. 

Fig.     1.  Liii, 

::.  J„  r 

3,    L.  r 

:,  Tramalia  ttnniualia. 
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PLATE  IX, 
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Fig.     1.  Orlhis  testudinaria,  1  a  to /. 
'2.  0.  sube(iuattt. 

3.  ().  Ix^larugosa. 

4.  ().  disparili.s. 
T).  ().  jKTverta. 
C.  O.  iJ'(iualis. 

7.  0.  lissicosta. 

8.  O.  tricouaria. 

9.  0.  plicatella. 

10,  11.  0.  pectlnella. 

12.  O.  iiisculpta. 

13.  0.  dichotoma. 


Fig.    1.  Atrypa  extans. 

2.  A.  iiuoleiis. 

3.  A.  bisulcata. 

4.  A.  dellecta. 

5.  A.  recurvirostra. 

6.  A.  vxigua. 

7.  A.  circulua. 

b.  9.  A.  ambigua. 

10.  A.  heiniplicata. 

11.  A.  extan.s. 

12.  A.  subtrigonalis. 

13.  A.  increbescens. 

14.  A.  dentata. 

15.  A.  modesta. 

16.  A.  sordida. 


PLATE  X. 


PLATE  XI. 

Fig.    1,  J  6,  3,  7.  Strophomena  altemato. 
2.  S.  plauumbona. 
4.  a,  b^  c,  d,  S.  tenuistriaU. 
tJ.  a,  6,  c,  rf,  «,/,  S.  sericea. 
8.  a,  6,  9  c,  e,  S.  filitezU. 
7,  10.  S.  alternistriata. 
12.  S.  planoconvexa. 
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■4.  Crrtoliffs 


Fig.     1.  Endoceraa  prn(»ifonii*. 
3.  Oncoceras  ponstrlctiira. 

3.  DIptograpsua  pr[|itls. 

4.  OrlhoriiRU  nreuoltn 
a.  Endoccimi  proteifonnn. 

7.  a,  i,  HcllerophoD  exliaiutDs. 
10  4,  (,  G  ttnil  II.  CfrtaliteH  i-unipreBsiu. 
13,  14  a.  t,  4,  ]fi  a.  b,  c.  Trtn-hulitra  uiicionjui. 
13,  11,  9.  UellDrapbon  punclifroiu. 


Fig.    I.  I.yAMitft  tnlilBU. 

2.  Cjptii'MdiB  Bubtruiii-Ma, 

3.  LjoDBla  lubsrlculoidea. 

C,  6,  Posidouuiu.ra  licllJHEriatn. 
7.  Cnrdiumorptia  subuigulau. 
a,  Ljouaia  Tetii»ta. 

13,  IS.  CBTdiumorpha  TCDtriMMk 

14.  OttbonoU  p»rftll«lft. 

I(),  17.  CBrdiomorpha  Riiblmncata. 
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PLATE  XV. 

Fifj.    1.  a  to  1  Ar.  Ceraunis  pleiirexanthemns,  and  its  parts. 

2.  a  to  2  e,  Ceraiirus  vigilans. 

2,  ^),  IS,  parts  of  the  Lichaa  trentonensis. 

3.  cd  e  and  1  1  a  b  c,  l^hacops  calicephalus. 

4.  a,  luwl  of  the  Trinuoleiis  concentriciis ;  4  6,  showing  the  length  of 
the  spines  as  it  usually  occurs  in  the  Trenton  limestone. 

f).  Acidaspis  Spiniger. 

7.  a,  head  :  and  c,  eye  of  the  P.  calicephalas. 

5.  and  11.  Asaphus  extaiis. 
12.  Triartiirus  beckii. 

18.  Illaenus  trentonensis. 

1').  Illaenus  rntssicauda. 

IG.  Cal\Tnene  senaria. 

18.  Pygidium. 

10.  Head  and  parts  of  the  Senaria,  showing  the  direction  of  thd  great 

suture,  and  the  form  of  the  rings. 
20.  Spirifor  trentonensis. 
22.  Strophomena  nasuta. 

PLATE  XVL 

Fig.    1.  1  a  5  3,  varieties  of  the  Endoceras  proteiforme  showing  the  snrfaoe 
markings: 

4.  a  b  cd  ef,  Conularia  trentonensis. 

5.  a  6.  C.  granulata. 
n.  C.  papilata. 

7.  fl,  C.  gracile. 

7.  Head  of  the  Trinucleus  concentrioas. 

8.  Part  of  the  head  of  the  Ceraums  pleurezanthemtiB. 
J).  Part  of  the  lobe  of  the  Isotolos  gigas. 

10.  Middle  lol)e  of  the  head  of  the  Isotelos. 

11.  Epistoma  of  the  Isotelus; 

12.  Isotelus  gigas. 

PLATE  xvn. 

1.  Tnuucleus  coueentricns  of  the  Loraine  shalei. 

2.  Strophomena  altemata. 

3.  S.  nasuta. 

4.  Ljonsla  stibtmnoata. 

5.  Orthis  crispata. 
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Lamillibranchiata, 169 

Leda, 172 

*♦     levata, 173 

"      pulchella, 173 
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Ucbas, 218 

lingulidae, 188-201 

Lingala  Btnata, 112 
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"         vittata, 163 

Lyrodeama, 163 

Ljonsia, 169 
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Nautilus, 144 

Nei^agrapsus  elegans, 109 
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"  Jacksoni, 110 

Loomisi, 110 

Deweji, 110 

gracilis, Ill 
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(I 


C( 


tl 


(i 


l( 


Obolus,.. , 113-203 

Oldest  sediments, 5 

Orbicula, 112 

Oncoceras  constrictum, 148 
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Scalites'angulatufl, 154 

striatus, 154 

planistria, 154 

stamineus, 154 

Scjphocrinus  nodosus, 224 

Sections  T.  rocks  in  Virginia, . .  27 

Harpers  Ferry , , .  29 

Hiwasse, 67 
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Spirigera, 183 

SpiriferidiB, 181-189 

Spirifer  trentonensis, 235 

**      maoronatuB, 181 
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Straparollus  planistria, ........   233 

Strophomena, 197 
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"  cameratej 197 
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"  alteruistriate, . . .   198 
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planumbona,  . . .  198 
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Subretepora  reticulate, 206 
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Trinuclides, i 212 

Trinucleus, 212 
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Triarthrus, 213 

"         beckii, 214 
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